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- As in past years, four detailed progress reports (P.R., rumbered XXXV to
g . XXXVIII inclusive) have been submitted. The last of these covers a four month
' . -perioed, April 1 to July 3, 1950, and bears the same date as this final report,
E ~~ Copies of these quarterly reports are appended to this final report; the latter- . - .
T . oonsists of summaries of the various phases of the work undertaken; together with ™~ -
referencas to the more detailed description in the Progress Reports. : ”

1 Borazole Studies.

A. Preparation of Borazole.

=i+ - Althouigh, as reported in the work of the year 1948-49, a method for the prepa- . ~ . [1°
" ration of borazole more convenient than the interaction of ammonia with diborane was S |
found in the reaction of solid ammoniym chloride with solid lithium borohydride :
(P.Re XXXI, p 6, Sept 1948), the procedure is not completely satisfactory. There 1
~_ seemed to be two principal causes for the difficulties encountered, namely, a second-
7. ary reaction between ammonium chloride and borazole (P+R+ XXXII, pp 5-6, December,
1948) and the coking of the reaction mixtureé (P.Re XXXIII, p 8, March 1949)

*‘ﬁw—-?:.ix‘m‘ I - ”f:f?&:"w‘f_‘_f‘::ﬁ:;““: ;o
€ .

As a possible alternative method of preparation; reduction of trichloroborarzole

" seemed feasible, since Laubengayer and C. A, Brown had developed a procedure for the
.  preparation of the latter. It was first shovn that in the intersction of solid !
lithium 2luminum hydride with solid trichloroborazole, borazole was obtained. At [
room temperature the yields were very small; at higher temperatures they werse even . I
less, apparently due to the intermediate formation of B-mono and probably aleo B- s
!

dichljorobomzole--ompounda lss stable than borazole itself (P.R, XXXVI, p 4 Dec.
1949

A great deal of time has been devoted to the study of reduction by lithium
aluminum hydride in a variety of solvents. It was found that diethyl ether (the best
solvent for this reducing ager't) could not be used because it forms an azeotrope
with borazole (P.R. XXXVII p 2). Borazole may be separated from dimethylcellosolve,
N but only by- the addition of aluminum chloride to the mixture, a procedure which is
P disadvantageous because the ohloride causes decomposition of borazole if the two are
g in contact for any length of time. (P.Re XXXVI, p 4, and P,R. XXXVII, p 5).

A number of other solvents were investigated, with either lithium aluminum f
hydride or lithium borohydride or with both. Among them were phenyl chloride, which |
. gave very low ylelds (P.R. XXXVI, p 5), and methyl oyclohexane and borazole itself,
= in neither of vhich solwents did the desired reaotion ooour (P.R. XXXVI, p §). The

most fovorable solvents were n-butyl ether and n-hexyl ether, of rhich the latter
was less frequently employed. (P.R. XXXVII, p 2 and XXXVIII, p 1),

o It is not necessary to review the meny experiments (P.R. XXXVIII, p 1) ocarried
out to ascertain vhy, although lithium 2luminum hydride wndoubtedly reduces tri-
chloroborasole tq borazole the latter camnot be recovered from the soclutions of

- those ethers which proved the most satisfactory solvents. Suffice it to say that it
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Fe Roe 2 Bprazole Studias

.. now appears as if the formation of aluminum hydride is the disturbing faotor, vhe=-

ther initially present in impure lithium eluminum hydride or whether formed as a
~sfep in action of this.compound on triechloréehorazole, as illuhtrated by ‘the. hypo- :

) thet1ca1 equations

3LiAlHy + BgNzClgHz ~ 3LiCl + BgzlNzHg + 34lHz

»~Po experiments serve &8s evidence for this interpretation of the difficulties en~

‘countered, 'hen a mixture of pure borazole and butyl ether was evaporated and the
vapor condensed, from 87 to 92% of the borazole was found to be preseént in the cons -

" densate; furthermore, about B0% of the original borazole could be separated from the

butyl ether by use of a small, -glass helix-filled column (P,R, XXXVIII, p 2), But
when lithium aluminum hydride, containing en excess of aluminum hydride, was added

volatile material. Bqually significant is the fact that when lithium aluminum
hydrlde alone was used to reduce trichlorohorazole; less than 1% of the expected
- borazole could be volatilizeéd with the butyl ether in which the reaction was carried

out, but that when lithium hydride wes added to the reaction mixture, yields of from ' -
4 80—90% have been obtaineds This result is readily explained on the interpretation -

" under discussion, since it is well known thet lithium hydride reacts with aluminum
... .. hydride in ether suspensions to form lithium aluminum hydride.

Thus far, however, the use of a mixture of lithium aluminum hydride and lithiwm
- hydride in butyl ether has been successful only when smell (m mole) quantities of
trichloroborazole were involved, and when the reaction was carried out in the vacuum
systems “hen larger quantities were used and the reaction was carried out under
nitrogen, the products obteined have thus far proved difficult to separate. There
is evidence thet under these oconditions, which require longer time end higher tem<
peratures, interaction of the lithium aluminum hydride with the ether occurs, and
gives rise to products difficult to separate (P.P. XLXVIII, pP3)e

Use of lithium borohydride as a recucing agent now appears more promising, It
‘was to be expeoted that in its reaction with trichloroborazole, diborane would be
liberatéd, possibly according to the equation

B3NzHzClz + ' 3LiBHy =~ BgNzHg + 3LiCl + 1.5ByHg
It was originally assumed that this reaction would have as its chief value the fact

that measurement of the quantity’of diborane evolved would prove a rapid and con-
venient method of determining the most favorable oonditions for the reduction of

trichloroborazole, Although injitial experiments in phenyl chloride as a solvent gaveé

‘unsatisfactory results (P.R. XXXVI, p 5), later experiments in n-butyl ether, carried
out at room temperature;, liberated an amount of diborane in 2 hours indicating 95%
reduction, and produced 91% of the theoretical boragole., Of the latter, approxi-
mately 60% vas isolated, and the remainder shown to be present 1n the residual ether
(P.R. ZXXVII, p 3).

The preoeding experiment involved only about 5 m moles of trichloroborazole; it
has hitherto not been repeated with larger quantities beczuse the evolution of 1.6
moles of diboresne per mole of borazole theoretically obtainable seemed a serious
disadvantage of the proocedure, implying the necessity of ueirp vacuum procedures

<7 to the butyl ether solution of borazole, less than 1% of the latter appesred in the
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Fe Re 3 Borazole Studies

‘unsatisfactory for large éuantitiesw, But eince the substitution of lithium alumi-

num hydride for the borohydride has caused so meny difficulties, we are now investie
gating the effectiveness of the addition of lithium hydride to the borohydride to
prevent the escape of diborane. Should this procedure prove effective, as seems
possible in view of the corresponding experiments with lithium aluminum hydride, our

long continued efforts to reduce trlchloroborazole vill have led to a satisfactory
eonclusion, :

Additienal work on the preparation of borezole consisted of attempts to reduce
tribromoborazole, which was -especially prepared for this purpose by the interaction
of ammonium bromide and boron bromide in phenyl bromide (P.R. XXXVII p 2). Reduc- .

and 837 of borazole (loce oit.), With lithium aluminum hydride, the \
Iike those obtained with the trichloro derlvatlve. Hence, there appeare‘ no'
tage in the use of the bromxne compound « e

L I@ Bs Mono and D;—halogenpborazoles.

Mono end dichloroborazole were prepared and described in the year 1948-49
(P.R. AXXII, p 5, Dec. 1948, and XXXIII, p 8, March, 1949)., The work on the cor-

- responding bromine compounds begun in that period (P.R. XXXIV, p 3, June,’ 1949) wasg

_completed in the current year, as described in P.R. XXXV, pp 4~6, where a summary of
"all of the physical constants of these coiipounds is givens As in the case of the
trihalogenoborazoles, reduction by lithium borohydride ves more successful than with
the aluminum ocompound (P.R. X4XV, p 6). The reactions were not further studied.f

1o Co Thermal Decomposition of Borazole.

One additional experiment on the very slow spontaneous decomposition of borazole
vas carried outs The results indicate a somewhat cample x reaction for the study of
which larger amounts of the starting material will be required (P.R. XXXV, p 6-7)e
Now that such amounts can be made available, the study, temporarily discontinued,
will be undertaken again.

II. Further Studies ou Tetrachlorodibqrineuand Reia#ed;Comgpunda,

Ao ‘Tétrachlprodiborine,

l. Preparation. A number of efforts to improve the yield of tetrachloro-
diborine in the mercury arc process for its preparation (F.R. 1948} pp 21~-24) by
changes in dimensions of the apparatus, and by the use of aluminum as an added re-
ducing agent, were unsuccessful (P.R. XXXV, p 2)s An improvement in the convenience,
though not in the yield or conversion per pass, was effected by the use of a mechani-
cal recirculation of the unchenged boron trichloride (P.R. XXXVII,p 3). It was also
shorm that carbon monoxide does not react appreoiably wi th boron trichloride even at
- 350° €. (PuR. X1XV, p 3).

2e Reactiops-of ?etradhlorodiborine.

8¢ The compourid wnder discussion ébsorbs hydrogen with remarkable
rapidity at room temperature without the use of catalysts. In the original experi-
ments (P.R. XXXI, p 4, Sept. 1948) it seemed that all of the chlorine of the tetra-
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. ‘secondary interactlon of diborane with .excess tetrachlorodlborlne.

. a mixture of hydrogen and boron trichloride through sn electric discharge might pro- . o
oeed through the initial formation of tetrachlorodiborine which would them resct - .. .| .

~“of this compound (P.R. XXXVI, p'3 and P.R. XXXVII, p 6).

" Hence in the presence of the former the masin boron containing product may be HBCl;

© which of the two possibilitiaa is thermodynamically the more likely.
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Fe R-: 4 Tetra ch{orbdiborige and RQla,ted" Compounds,

chloro derivative was converted to boron chloride, end the remaiaing boron to solid.
~hydrides. In later experiments with larger quantities, it becsme apparent that di-
borane is one ofthe products of the interaction and thet its quantity, as well as .

that of the solid products obtained, depended on the experimental c¢onditions (P.R. R

XXXV, p 2)e

A previous observation on the behavior of liquid tetrachlorodiborine toward
~ diborane (PeRe XXXIII, p 4, March, 1949) suggested that the products of the initial
¢+ reanction between hydrogen and the chlorodiborine might be chlorodiboranes (e.ge
, BBCI4H2) vwhich almost immediately and nearly completely disproportionate to. boron

" trichloride and diboranes The solid products observed would then be explained dby: a

- Thoroughly satisfactory confirmation of this interpretation was obtained by &

study of the reaction under conditions such that all 6f the reactants were present
_the gas phase at moderately low pressures. Under these conditions the ma jor pro=

iots were diborane and boron chloride, together with small amcunts of monochloro

These obgervations sug,gested that the preparation of diborene by the passage of

with excess of hydrogen as has just been describeds To test this possibility, a mix-
ture of hydrogen with an excess of boron trichloride was subjected to the arc dise’
cherges Small amounts of tetrachlorodiborine were actwally obteined under these con-
ditions. The procedure does not, however, seem a desirable one for the ‘preparation

Although the experiment supports the interpretation just discussed, another,
very similer one, is conceivable. O(ne might assume that, in the discharge, boron
trichloride is dissociated to BClp and chlorine atoms. The latter react equally
readily with hydrogen or with mercury, snd are thus removed whether the boron tri-

fragment BClz may, however, be able to react with hydrogen but not with mercury.

which polymerizes and then disproportionates, whereas in the presgnce of mercury the 7

-

diborene and only traces of s6lid hydridas (PoRe X¥XVI, pp 2,3,7). RS

"~ ohloride is passed through the arc in the presence of mercury or of hydrogen. The . [

BCly fragments polymerize to the diborine derivative. Data are la cking to ascertain

i
be One mole of tetrachlorodiborine reacts with 8 moles of dimethyl- .

- amine to form a new compound of empirical formula B(NRz), ,, which in all proba- !

bility is tetramethylaminodiborine, i.e., B,(NRp), in wh:lch R« CHgs. The preparation

analysis and a few of the properties of the compound are described in P.,R. XXXVII,
p 4, and P.Re XXXVIII, pp 4-5.

ce One mole of tetrachlorodiborine reacts with two moles of trimnthyl-
amine to form a product of empiriocal formula BCl,NRg (in which R = CHg), as has been
shovn by enalysis (P.R. XXXVII, p 4). It was an%ioipated thet the oanpound is an
addition produst of 2 moles of trimethylamine with one of the chloroborine, i.e., “
BaCl4 *2NR3 ..
lowering method, using benzene as a solvent, gave & value of 1105, which is almost
four times the expected value of 279. Experiments are under way to ascertain whether

-
this unexpected result is reel or isa due to the formatiom of solid solutions of ben- .

zene lnd the oomnmmd. . ‘

o

P .. -

However, a determination cof the molecular weight by the freezing point <
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Fo Re 5 Tetrachlorodiborine and Related Compounds

The compound is a- white, very stable solid which, though it sinters somewhat
at 125° C and shows eigns of softening at 195 C, melts without noticeable decom=
position at about 228° C if heated in an atmosphere of nitrogen. It is soluble in

" bengzene and in diethyl ether; its solubility in isopentane is so slight that efforts

. to owtain the molecular weight in this solvent were unsuccessful (Pe.R. XXXVIII, p 5)¢
. It is fer le ss reactive than tetrachlorodiborine itself.

Thus, it does pnot react
- with hydrogen nor with diborane, as does tetrachlorodiborine; instead of liberating

hydrogen chloride when trested with ethyl alcohol, it absorbs two moles of the latter.
(P Ry XXXVII, p 4).

The possibility of hydrogenation of the compound 32014 2NR, haé been investiw
pated. Before discussing this aspeot of our present work, it is desirable to review: "
“what had been done on the hydrogenation of tetrachlorodiborine itself. In earlier
-reports (P.R. XAX111, pp 3-4,. March, 1949, P.R. XXXIV, pp 5-7, June, 1949, P.R.
XXXV, p 1) it was pointed out that neither lithium hydride nor lithium aluminum

"hydride in the presence of diethyl ether reacts with either tetrachloro or tetrabro~"."

modiborine, %hen the investigation of the latter reaction was planned it was
thought that the initial products might be diborane and the hypothetioal diborine,

‘ and that these might react with each o+her to form dihydrotetraborane: T T

414BH, + BpCly = 4LiCl . BBy + 2BgHg
BoHy + BgHg -~ BgHIO

o ’Actgally, some dihydrotetraborane was obtained, but the amount of this compound was

nuch smaller, and the emount of diboreane produced was much greater than these equa-
tions demand., Lowering the temperature at which the reaction vas carried out de-
ocreased the realtive amount of diborane and increased that of the tetratorane, At

:thill lower temperatures, achieved by the use of aluminum borohydride, the ratio of

diborsne to tetraborane wes still further deecreased.

These obsesrvations could be interpreted on the basis of the preceding equations
provided it is assumed that the excess of diboresne and the deficiency of tetraborane
are due to the great instability of the latter. The appearance of still smaller
amounts of pentaborane and decaborane might be similarly interpreted. The data ob-
tained were, however, not sufficient to serve as a confirmation or denial of the

Ahypothesis.

Further work on this reaction was deferred because of its complicated course,

" until a study could be made of the reduction (hydrogenation) of the compound

BoCl4*2NR3. The greater gtability of the latter makes the study simpler, and the
presence of trimethylamine might stabilize any initial resction products, which might
otherwise disprorortionate or decompose. The first such reaction studied was its
behavior toward lithium aluminum hydride (P.R. XXXVII, pp 4-~5). A volatile orystal-
line product of 1 - 2 mm vapor tension at room temperature was obtained, but was
obviously not homogeneous beczuse it contained aluminum end boron in variable pro-

It may have been & mixture of the compound AlH3°NR3 with some unidentified
‘boron ocompound,-an assumption made plausible by the fact that the sample of lithium
aluminum hydride used wes later found conteminated with aluminum hydride.

The reacticn should be studied further, but this work was postponed to allow time
for the investigation of the behavior of the compound BCl4°2NR3 tovard lithium boro-
hydride. The initial experiment produced diborane, trimethylemine borine, =nd as yet
unidantiried nonvolatile materiala. It is evldent that there ™ s not enough tri-

.
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?¢R. 6, Teﬁrachlorpdiborine and Related Gompounds.'

~ methylamine_to convert all of the diborane to trlmethylamzne borine or to react oom= -

pletely with either the hypothetical ByHg or the BgHjge Further studies in the
presence of excess trimethylamine are in progress (P.ﬂ. XXXVIII, pp 5-6).

) de Tetrachlorodiborine does not rngt‘with.nethana or with hydrogan
‘ ohloride at room Temperature (FeRe XXXV p 3.

e+ Summaries of reeotiona of tetrachlorodiborine studied in preceding

S ‘years are found in FeRe 1048 p 26 and FeRe 1949 pp 4=6.

© "“II. Be Subchlorides other than Tetrachlorodiborine. Little progress has been made
~~.in the study of thavtraCQ'oi“Vélatile‘cryStalTiﬁé white material often observed as
a very minor contaminant offtetrachlorodiborine. Thus far the emount collected has

" praved to be too small for even a qualitative analysisi in other words, it is not

- yet even ocertain that it is a boron compound. Efforts to improve the yield of the
material have been wunsuccessful (P.R. XMZV, p 2).

Enough of the slightly volatile, viscous red decomposition product of tetra~
ghlorodiborine (PR« XXXII, p 10, Dec. 1948) has been obtained for & preliminary
analysis, as is true also of the nonvolatlle white solid decomposition products. For
the red material the BsCl ratio was 1.0:0.91, or nearly lsl; for the white, 5.1:3.0
(PeR. XXXVII pp 5-6)s %hen attempts were made to determine the molecular welght of

. the red material in solution, it was discovered that it undergoes slow decomposition
. .even at room temperature. There are indications that this decomposition may be in-

* hibited by the pressure of boron trichloride, & possibility now being explored.
" _ These observations, however, throw doubt on the reliability of the anelytioal data, :

since the material enalyzed may not have been homogeneous.

pos

111, Thg Brepargt§on of Calcium end of Sodium Alumiﬁgg‘ﬂydrides.

After long continued and unsuccessful efforts, satisfactory procedures for the

"y preparation of both calcium and sodium aluminum hydrides have finally been Aeveloped.
It 18 quite possible that the preparation of the former compound may be still fur-
ther improved by applying to it the ideas developed in connection with the sodium

compound, as 111l be described below,

Il A Calpium Aluminum Hydride.

The best procedure so far developed for the prepaeration of this compound is
still that desoribed in P.R. XXXII, p 11, Deéc. 1948, It consists of the treatment ‘of
calcium hydride with the diethyl etherate of aluminum chloride in dimethyl ather,
followed by evaporation of the dimethyl ether and extrasction of the residue with

tetrahydrofuran. The prooedure suffers from the slowness of the reaction and a
moderately low yield,

Attempts to improve the procedure by carrying the reaction out in tetrahydro-
furan were unsuccessful. At ordinary temperatures there was no appreciable reactionj
at reflux temperature reaction occurred, but the producét was impure, because, as was
shovn experimentally, metal aluminum hydrides react with this sélvent at reflux tem=~
peratures. Other solvents were dimethylcellosolve, dioxane, and n-ethyl morpholine;
‘nome of these was satisfactory (P.R. XXXV, pp 3,8)

[TV NSRS S S —
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" PuRe 7 Preparation of Caloium andof Sodiun Aluminum Hydride.

It seems more than likely that the addition of small amounts of calclum chlope..

"ide or of lithium chloride may improve ‘the result, as is desoribed below for the
.case of sodium aluminum hydride.

* I¥I. B, Sodium Aluminqm Hydride,

'SodiumAaluminum.hydride was initially prepared by the reaction of aluminum bro-

“mide on sodium hydride in the presence of dimethyl ether; A pure product in from

60-65% yield was obtained, but the resction was not oonsidered & desirable one be= _.

cause of the use of the relatively expensive aluminum brémide, and the necessity of

earrying out the reaction and thé filtrations under the 6=7 atmospheres pressure of
dimethyl ether at room temperature,

The numerous unsuccessful efforts to obtain satisfactory results with aluminum

"f;,phloride instead of the bromide need not be recounted. The most recent of them are

reviewed in P.R. XXXVIII, pp 6-7. Recently, however, success has been obtained as
8 result of the consideration that the reagent eactuslly reacting with the metal hyde
ride is the A1X, ion (X = Cl or Br) rather than the simple halide AlXzs

To implement this hypothesis sodium hydride was treated with aiuminum chloride‘
and a smell amount of lithium chloride in tetrahydrofuran. (Lithiuvm chlporide was
employed because it is known to dissolve in ethers containing 2luminum chloride,
‘whereas that is not true of sodium chloride.) In the absence of lithjum chloride,
the corresponding resctions do not occur at all or are slow or incomplete, and fz2il

7{ to produce a pure product. But in the presence of lithium chY¥oride a pure produot

was obtained in what was probably a short time, although the reaction was allowed
to continue for 3 days to assure completion,

The details of the reacticn are given in Pe.Re XXXVIII, pp 7-8, where also the
details etill to be settle d before the solution of the sodium aluminum hydride prob-
lem may be considered complete are discussed, as well ag the contributions of these
observations to an understanding of the “induotion period" in the reaction between

lithium hydride and aluminum‘ohldride.

IV.: Thermal Decompoaition of Lithium Borohvdride .and of Monomethyl Lithium Boro=
> hvdride.

‘Repeated inquiries from individuals working on a variety of governmont supported
investipations, about the observation reported by Schlesinger and Brown, JACS 62,
3429 (1940) that the early stages of the thérmal decomposition of lithium borohyd-

-ride is reversible, led us to reinvestigate the reaction. vie were unable to con~

firm the earlier observation although we studied the decomposition under a variety
of conditions. It was also shown that the decomposition of the monomethyl deriva-

“tive, 1.0, L1(8H30H3) ‘1s 8 continuous, nonreversible process (P Re XXXV, pp 3-4, and

P.Re XXXVI, p 6)%

Catalysts greatly acocelerate the decomposition. It seems possible that the..

" very small quentity of lithium borohydride (6 mg) used by Schlesinger end Brown may

have contained an impurity which acted as & catalyst, and thus formed traces of
lithium hydride to whioh the reversibility observed may have been due.
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Ve Reaction of‘Lithium"BOrohydride with Hydrazinesﬂydrochloride.

It is reasonanle to hope that the reactions of hydrazine and its derivatives

"with diborane and ite derivatives might lead to interesting new types of boron=

nitrogén-hydrogen compounds, The work has at present just begun.

Because of the ready availability of the starting materials, we begen the work

with-a preliminary study of the reaction between lithium borohydride and hydrazine

dihydrochloride, both in the absence of solvents and in diethyl ether. As was to be

" ‘§xpected from the behavior of amine hydrochlorides toward the borohydride, about 1

mole of hydrogen was evolved per mole of the borohydride at room temperature, and
ghbout 2 moles at higher temperatures. The study is complicated by the fact that

_éside from hydrogen and traces of diborene, no other volatile products are obtained. -
Yia are, therefore, postponing the further study of this reaction until we have inveq—
“tigated the presumably simpler one between diborane and hydrazine. The latter re=

agent was supplied to us through the ocourtesy of the Naval Research Laboratory.

- Publications.

. A paper by T« Wartik, R. BE. Moore, and Hs I. Schlesinger on tetraohloro-
dtborine is to be presented at the September méeting of the Ameriocan Chnemiodl Society

Society, and will be submitted for publication before long,

2. Two -papers by T. Yartik and He I, Schlesinger on the reactlons of lithium

) .aiuminum hydride on alky} compounds of the metals are being prepared for publication,

3. A paper by G. Vi, Schaeffer, Riley Schaeffer and H. I, Schlesinger on the
preparation of borazole by the action of ammonium chloride on lithium borohydride
and on the action of boron halides on borazole has been submitted for publications

A 4+ The vork on the preparation of sodium and calcium aluminum hydrides by
T. "artik, G, Urry, and He I. Schlesinger should soon be in shape for publicatior.
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HYDRIDES AND BOROHYDRIDES OF LIGHT 7EIGHT ELEWEN1S
AND RELATED CONPOUNDS.
_Progress Report No. XXXV on Contract F6ori-20 T.0, X

for the period July 1, 1949 - September 30, 1949

L“':4%HQ I. Schlesinger and T. Wartik =
in eollaboration with

" Re E. Moore, Riley Schaeffer, Martin Steindler and G. Urry

The perioed covered by this report includes the vacatiorns due the

‘f‘members of the staff as University employes. Furthermore, a large part

‘of the work undertaken is experrnenfally difficult and time-consumlng.
For both of these reasons, progress has been. relatﬁvely slow.

The work undertsken has ooveredz

" Further borazole studiess
{a) Additionel date on the physical constants of mono and dichloro,

- and of mono and dibremoborazoles have been obtained. The present report

includes, in addition to the new'data, a sumuary of all of the data
hitherto reported.

(b) The mono and dlchloroborazoles may be redvced to borazole by
either lithium aluminum hydride or lithium borohydride.,

(#) A few additional date are reported on the slow room temperature
decomposition of borazole. As explained in the experimental part of the
report, these data have proved themselves difficult of in tnrpretatlon.

e

II. Further studles on halogeno dlborlnes and on other subcnlorides of
boron . Aol

Ta) f11 efforts to hydrogenate chloro and bromodiborines by lithium - -

aluminum hydride and lithium hydride have failed. The latest exveriment,
thet is, the treatment of tetrabromodiborine with lithium hydride in #he
presence of diethyl ether,led tc no result. Details of the exveriment
need not be reported. Attention is called to the hydrogenation of tetra-
chlorodiborire by lithium borchydride, and the compllcﬂtloni)lnvolved in
this reaction (P. R. XXXIII, pp 3 - 5, and XXXIV, pp 5 - 7)

- s

T) The abbreviation B. R. refers £o Progress reports, the so-reviation Fe

Rs

te firal reports. Fropgress Heports I to XI, inclusive, are bound with the
final repvort for ths year, July 1, 1944 to June 30, 1945 (F. R. 45); P. K.

XII throurh XXIII with f. R. 46; Ps Re XATIIT through XXVI with F. F. 47;

P. R. XXVII through XXX with F. R. 48; and P. R. XXXI through XXXIV with
o He 43,
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‘some¢ time was devoted to an attempt to ssparate the several products
.. obtdined in the larger scale experiment, the data will not be reported
. further until it is definitely ascerta;nea that the earlier results are not

o

Prggréss Report XXXV -l B SN
(b) Reaction of tetrachlorodiborine with hydrogen.
In an ésriier experiment in which oniy 6 ng. of tetrachloro-
dlborlne were treated with hydrogen, the data indicated that all (or nearly

~all) of the chlorine (98%) was conveérted to boron trichloride (F. R. XXXI,

p. 4). Eepetitiom of the experiment on a considerably larger scale has

- thus far led to only 80% recovery of the chlorine as boron chloride. It is

corceivable thet, beeause of the very small quantities involved in the
garlier exper1ment‘ the data are in error. Tt is equally likely that the
differshece between the earlier experiment and the one on a somewhst larger

_seale is due to some difference in the conditions. Obviously, if all of ,
“the chlorine can be converted to boron trichloride, analysis of the residue

and the interpre#ation of the results will be greatly simplified. Al*hough

réprodueible,
(¢) Among the reactions of tetrachlorodiborine reported in preliminary

XXXI, DP» 8) .The reaction with trimethylamine hes now been shovn to be
simpler, in that approximately 2 moles of the amine react with one mole ‘of

"the tetrachloride. An interpretation of this observation and its bearing

on the ammonia reaction are discussed later in this report.

(d) In the preparation of tetrachlerodiborine by the arc process {(F. R
48, pp 22 - 24) very small amounts of products less volatile than the tetra=-
chloro compound have been observed. It seems likely that these are homo-
logues of tetrachlorediborine, such as BzCls, B4Clg etc. A little of these
products has now been collected from the byproduets in the preparation of
the tetrachloro compound. A wh*te s06lid, readily sublimable in vacuo (vapor-
tension at about 30° C, approximately 0.5 mm), and st least moderately
stable, has been isolated. WFykther description is deferred to a later

report, since analyses and further studies are now in process, R

‘() Attempts to improve the yields of the "subchlorides".of boron.

(1) A mixture of boron trichloride and tetrachlorodiborine was
passed through the discharge apparatus (F. R, 48, pp 22 - 24) in an attempt
to prepare the hypothetical higher chloroborines. Wone of the desired
compounds was obtained; the only result was the complete disappearance of the
tetrachloro compound. In ancther experiment, the tetrachloro compound,
wnaccomnpanied by boron trichloride, was subjected %o the discharge. On a
single pass, all but 3.1 cc of 30.5 cc (gas at S« C.) had been converted to
an orange brovn deposit and to 29,0 cc of boron trichloride. Evidently,
these methods of securing larger quantities of the desired products are not
feasible, and there is no resson for reciting details,

(2) As a result of the failures reportéd in the preceding - -
paragrarh, efforts have been and still are directed toward improving the
yields of the tetrachloro-’'derivative. ‘Amang these was tne use of powdered
aluminum in the discharge tube as a means (in addition to the mercury vapor)
for removing the chlorine probsbly formed from boron trichloride under the
influence of the discharge. The yields (average of two runs, 45%) and
conversion (average of two run§, 3.1%) weére of the same order of magnitude
as were obtained in the absence of aluminum, and the proqedure'has tne great
disadvantage that the aluminum gresatly retards the rate of flow through the
discharge tube. No further detailes about these experiments are to be given,

b
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- fashion was its behavior toward ammonia, which appear(d to be complex (P. R.,:~.“:«fa
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: (5) Carbon monoxide failed to redude Boron trlchlorlde to a
S boring homologue under a variety of conditiers, e. g., at room temperature,
~ .. i.o, &t 110° 0, and 350° C, or under the inilucnce of ultraviclet light.
' & o (f) Methane snd hydrogen chloride have been shown not to react appre=
eiably with tetrachlorodiborine, sircethe only‘change° chserved were thase
P T wbwch might fiave resulted from the sponteneous decomposition of the tetra-

ente The ex rheriments.
were cerried out at room uemnerature over periods of from L - 40 minutes

I11.

age o asieee Ty v

Prenarﬁtlon of Calclum Alumlnum ITydrioie‘

L T (a) r’he reactlor of calclum nvdrloe on the dlethyleuherate of alpminum
;f . ' chlbridﬁ in tﬂtrahyarofu*an'§$varsolvent has Heen(studlad further. At room
i © 0 _temperature nc apprécisble amount of calcium aluminum hydride was obteired
P - after ten days stirring of the mixture. At reilux temperature of the mixture,
-~ however, reaction occurrad after a two hour treatment, as show by the fact
o " that the bOldt“OH cont“lnec c”1clum, zluminum and qydrogan in the etomice ratio
'bf‘*""’"ﬁalxlg oals, ?6' i addéitional 2 hour heating at rp”lux
R the rp sult 1n thet the ratio h2éd becope fa Al
- © peried of about 12 hours" caused a diminution of "B acrmve hydrogen contént
as seen [ “om the observed ratio Calwln 11%4,86+ The fact that the ratio Ca /AL
remaired practlcqlly constant while $he relatlve amcunt of active hydrogen
decreased; sugrests that at reflux temperature tetrahydrofuran is reduced by
aluminum hydrides; presumably to compoundssof ions of the type (A1, ( OR)4,x)-.
w Such a resction would obviously decrease the n/hl ratic without altering the
- Ca/Al ratio in the reaction undcr discussion. This suggestion has been
confirmed by showing that hydropen is lost when sélutions of lithium aluminum
hydride in tetrafuran are malr tained at reflux temperatures, as described in
the ezperimental part of the report.

temperature improved
0 "q . Puk a further heatlng

The reactions of zalcium-hydride with-aluminum:ehdoride in the presence
of dimethyl cellusolvs, in dioxame and in Feethyl morpholine at about 60° C
- were slso studied. In no csse vas evidence for the formation of celeium alu-
minum hydride obtained, In the resction in N~-ethyl morpholine, considerable
cleavage of the ethér by aluminum chloride seemed to occur, vhether the latter
was ad’ed directly or as & diethyl etherate.

It is vroposed to carry ont only onc further set of experiments on this
reaction, in order to ascertain vhether there is & temperature helow that of
reflux, at. which reaction occurs without apprecieble reduction of the solwvent.
Should nc improvement result, we shall let the matter rest with the orocedure
desoribed in P, K. ZXXII,p. 11, =hiech, though not conveniert in rldss apparatus
can be very essily carried out in £ motal revctor capable of yithstanding
from 5 - " atmosvhercs pressurec.

143"

Y f' IV. Thermal Decomposition of Lithium Zorohydride.
- B st Al et Attt A sitvely S

- Schlesirper and He C. Brovn, in their oririnal veper on lithium boro-
” hydride (J.2.CeSe 62, 3429 (1940)), rcported that at from 275° - 280° ¢, the
compound loses sbout one hal: of its hydrogen. PFurther loss of hydrogen was
report:d as being very slowe. It was furthor reported thaat hydrogen ves
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" reabsorbed by the’ re<1due when the temperature was lowerad.

<‘)

e

It wa5~feéog~

nized at the time “that these observations

needed verification, since only one

experiment was esrried out,

and involved only 6 mg. of the borohydvide, which
might not have been Eure. '

presence of Lapev nvokel the decomﬁ051+10n set in at lower te
goes to comoletion withouwt any not¢ce“ble brealk. st anv 901nt.

Puplieations. . aE

) A nrcllmlnary naper, "erivatives of Diboranse" by Thomas vart11 : ;moore
and He L. OChléolﬂﬁ&r, Jo ds Co Sa 71, 3265 (1949) has resu1t¢c ‘f_work

o the project. Jther pape s are in pr@paratﬂon.

Expsrlmancal Data

g et s i

Experimeéntal dats are given ouly for experiments in which definite
positive results have been obtsired. In the case of negative resilts,
descriptions of wrocedwures are vnwecessary hecause they have not differesd
from those described in earlicr reports. In the case of experiments still
under wey, such date as necessyry will be reported later.

“-dibromo borazole was onrepared by treatment of borazole.with borm
tribromide (P. 2. XXXIV,p. 2) -The volatile solid vroducts obitained were
fractionated uh”o"wh -22° € apd -SOO C trens.v The white erystalline solid
reteined in the <30° C melted at 49.5° - 50.0° C. Analysis by the hyarolytxc
methods Drcvlously used {or balngepoborgzolns geve the results recerded in
Table I- - - -

”able I

Anslysis of D-Dibromo Borazele

333 4Bra . wydrolyzable Ii, YHg 30, Br

“eicht of (memoles) (memoles) (n. { {manoles)

samﬁle (mg.) ubs .« calce _obs.”  calc. obs, calc. o2s. ocale,
9.0 0.038 * 0,038 e113 0.114 0.092 0.114 0..070 0w075
9.0 0.032 0.038 U 110 0.114 0.120 0.114 - -

o R o o — - —— W A——r e & b 1 % e e @A S 4 e ermim b @ b e Y e BT 4 5 e b s wem w3 e eeee

The agrcement betvzen observet 2ol ealculrted velues is pood ifi view of the
small samvles avzilable. Vanor temsion measurements wers muds at slevated

vemperatures, The date g-ove %0C C. are expressed by the eouvation:
Log P = 9,352 = 2849
T
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constant, 2946,

which was obtained by the method of least squares.
woinmt is 167° €; the heat of vaporization, 13,037

”he pxtraool
cal./mele, and

ated boiling
the Trouton

Yapor tension dsta and tcmneraiures calculuted for cach

pregsure ‘rom the above equation are recorded in Table I for comparis omJ

= Table 11

v o i s

e 0\ s

. © - “Vapor Temsious of BvDib?Dmo Borazole

.

P
Lm

,--mv-m P

069 - “R03.8
2.2 316.7
4,5 H26.3
5.9 - B3L.9
: 9.3 L Be0.9
Coige2 - < - 353 o4
31.5 ' 56245
128 .4

39043

e v

n~1f1n* m01nt

326.7
331.4

e

- 3)‘52 ol

1508 07
592.1

..(\

= gat or below \ S
l7

sfonobrome borazole
corresuonding chloro comnound.,

white solid snd &
borzzole itsalf.

Table III contains a summery of Hhe

nas beun fevnd to bz somevhot leses stable than
Thus & sample of monobromo horsrole dcoomnosed
over a period of five days at room temperature to pive hydrogen, a nonvolatile
matarinsl more volstile than bromoboxa&ole! presumnably

physiesl properties of helo borazeles.,

the

iielting voints of chloro borazoles are rscor@ed in addition to date provicusly
revorted. : i
Pable III ‘
Physieal Propertizs of #ale Borazoles.
rormula TeWe  MeWe Mepe  “ormal . H " Trouton Loy Pwn =B - A/T
eales obs.  ® €.  b.p. Vap. Constont A, - B
' © 8. cal/mol. ;
Bglig g0l 114.9  117.5 +34.,58 109.F 0,445 22.1 1,846 7.703
OgWgEEBr  159.4 183 =32.8 lZz.3 6,939 25.1% 2,17% 8,373 :

3348
°0.0

J‘Js..é3 4.(112 . 149 r['c

——im . e P

ey

Sy - oo o o o bt

simificences %he cxtrapolotion
and a slipght error in the s
large erreor in th

for ‘he

1
187.1 13,087 4‘29,

9,125 2 1,99
2,54

P R

4 T7.572

7
9 9.352

fee e e e s ow

The unueually hlgh value for Trout ow'r cgtstent robsrlJ has no 1m“ort4nt

hoiling voirt is large (ebout 50° C)

lope of thhe wapor tensiom curve woulé produce a
s value of tie oo, shant.
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(b) Reduction of B-monochloro Rorazole : - - L

The redction of B8 cce of monochloro borazole with &n e¢xcess of
lithium Borghydride at roem temperature for twenty-ong hours in the absence
of solvent ravs To5H ces of borezole +nd 4.5 cc. 6f diberanc, quse data pinl
the ¢ovation of the expected reaction

©

LiBH, + By

Lithium aluminum Hyd}idb éppéﬁrb'to be equally effective as a rcduclvg agent. -

Pat this exoerlmaat has nob. s vet been completeds 4 small swmount of 1Vdvever4,jir

wag produced in the resction and the zero vapor tonsiom of the p"oduct wWiS,
89 mm. in centrast to that of purc borazole, 84.8 mm. Since the lithium
eluminum hydride was deposited from an ether solution and the solid heated
only one hour at 60 = 65° €, o trace of residual ether mey be présent in the
produwet, sceounting for the hish vapor tension.

Thée reductinn of di¢hloro borazole with 1ithium eluminum hydride appears

4
T

501 -~ LiCl + 3Byl ¢ BgligHg

to take place in the abscher of solvent, but » complete report of this reaction

cannot be made st the prosent tine.

(¢) The Slow Decom=osition of Boraszole .
4is reported in P. R, XXXIV,p. 4, sbovt 4 g, of borezole dscomposed in
gbout two montne té «~ive 452 co. of hydrogen and 34.5 cc. of diboranc. .The
remeining mixture was frietionsted throvph traps kept at -11° ¢, -45° C, and
-196@ C. Borazole and traces of diborane were rbtﬂlﬂLd in ‘the 1 bter tr
On warming, the -48° C trap was found to contain o liquid, while & white uolid
was retaired in the -11° C trap. Attemots to purify th: fermer wore unsuce
cessful, due to a moderately repid dicomwosition 2t room temperaturc to give:®
diborene 2nd 2 nomvolntile vwhits solids Te vepor tensicn of this meterial
at room tempecraturc wis shout ten mm., osut mores than doukled during « ten
minute poriod at room temperature. Attompis tv megsure tac gos Jonsity owure
unsuceessfal. The solid rotsinmed in t-e -11° € trap olze Jecomnosud slovly
during attompts at purification ~iving diborane end : nrnvolhtllu vhito solid.
Zcth fractions were purifisd 28 muen 28 posd hle and hyérolyzad,
fnal-tical data for these fractions snd for the norvolutile white solid
produced in tho initisl &< comnosition of borazol: sre giver in Inbl: IV,

Table IV

Compound Sample Boron Nitrogem Jvdrolys: ble tiydroron
. weisht  (mr. at. (me. ot (mee ute wis,)
{me.) wts.) wts.)

wolstils liquid o 4,53 2,95 4.12
volatile solid e 1.85 ’ 1.76 1450

ronvoletile solid 28.9 lel-: 1,1¢ Q.59

50.9 1,98 %o 02 1,09
2 g se e c see 0.59
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It is interesting to note that in the nonvolatile £o0lid, the atomic
ratio BslsH in two .experiments averages 1.0030.99510.,53, or very neoarly
B Nzﬁ. Furthermore, the sum of the weights of thc nitrogen, the horon snd
tﬁ@ hydrogen constitutes over 99% of the weights of the material analyzed.
Feverthsless, it does not scem permissible to assume thet th: formula is that
indicsted by the an2lysis, since the analytiesl procedure yiclds only the
omount of hydrogen attached to boron, and does not show the hydrogen sttached
to nitromen. It is therefore not vet demonstrabed thet the nonvoletile solid
is a2 homopeneous material., Similer ocmments epnly to tho analyscs of the two
othcr products, except thut in the analyses of these, the weight of simple
vis not obtained hceguse of their rapid decompesition, :
II (b) In spproximatsly 1 1/2 hours, 38.2 cc. of BaCly (gos ot 8. C.) ebsorbed
15.1 cc. of hydropen, snd profuced 40,8 coc. of boron trichloride.- “2d all of
the ehlorine buen convurted to boroa trichloride, the quantity of the latter
would have been spproximately 51 ec; in other words, only BOT of the expected
amourt of boron chloride wes obtrinsd, Simil=rly, the amount of hvdrogen
absorbed is only about 85% of thit uxpoeted for & resction cxecetly like the
smeller genle zxperiment initially carricd out (P. ke XXXI, p. 4). Further=
~more, the oripincl éxperiment rave ricc to & smoll quantity of o eliblimeble
vhite solid; mo corresponding mutirizl wes observed in the prosent cxperiment.
In thce letter, & numbcr of wvolrtile products contuinin:z boron, chlorine 2nd
hydrogen worc obteincd.

Expcriments are under way to ascertain whether the diffcerence in the
rosults are duc to incomplotencss of rceeetion in the more reeent cxperiment,
or whethor in it comditions were such that partisl chlorinstior of <n
initirlly produced borene occurrcd,

(o) Trimethylamine wes purificd by trcatment with phosphorus pontoxide in
a sealed tubc =t 100° C for 15 hourse. Of the purificd matcrizl (0° C tonsiom,
698 mm, nccepted valuc 681 mm), 54.5 cc. {F35 ot S. C.) was condwnscd on 9,13
cc. of tutrichlorodiborine. 4 vigorous renction, conting the walle of the
rccetion vessdk with 2 whitc denosit, sct in before the mixturc h~d varmed to
room temperature. The mirxturc wns nevertheless cllowed to st-nd for 24 nours
at room tempersture, ofter which time the volatile contunts wore romoveds The
varor tinsion of the voletile material was 178.7 mm et -30° C (melting bromo-
bonzone) whareas the sceepted value for trimethyleminc is 179 mme The volume
of gos was 37,0 c¢e chowing that 17.56 cce of thc amine had reuseted with the
9413 cc. of BaCly, a ratio of ¥(CHz)s/BaCly = 1.92/1.00. ‘

It, thercforc, scecmes probcble that 2n eddition remotion yiclding the
produet:

¢t ¢’
Rg¥ 31214 B3 ﬁha
’ ca a ‘

hac boon obtoined. The corrcsrondivpy resetion vith ¢«muioniz might initielly
have formed a similar rcdition rroduot, which could, however, ncve rescted
further with smmonic secording to the oqueation: k
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B2014‘2NH3 + 4, - 4NH,CL o+ (HNBBYH )

This equation accounts for the faoct that one mole of tetrachlorodiborine
absorbs (approximately) 6 moles of ammonia (P. R. XXXI, p. 8). It has been
shown that the product of the ammonia reaction contains ammonium chloride, but
further study of the nonvolatile residue is needed to oconfirm the observation.
It will be especially interesting to ascertein whether this product is the

ame as the substance (BNH) reported by 8tock and Pohland, Zer. 59B, 2215
(1925) 4 ;

The trimethylemine addition product seems very stable at room temperature
end is sublimable without decomposition when gently warmed. Becsuse of this
stnbility it was thought that the relatively umstable tetrachlorodiborine
might be stored as the aminate. It is, however, impossible to regenerate the

simple chloro compound by treatment of the aminate with either boroa tri-
chloride or trifluoride. :

It is considered unnecessary to discuss further the details of items
II (a), (d) (e) ond (f) of this report.

1I1. Preparation of Calcium Aluminum Hydride. Action of 1ithium aluminum
hydride on tetrahydrofuran.

The experiments on the reaction of celcium hydride with the diethyl
etherate of &¢luminum chloride in tetrshydrofuran need no further deseription,
but it seems desirable to describe the evidence supporting the conclusion,
discussed earlisr, that aluminohydrides reduce tétrahydrofuran. # solution
of lithium aluminum hydride in that solvent was prepared by dissolving a
samnle of a commercial produect in the s lvent and then removing the insoluble
residue by filtration. Two aliquots of epproximately 10 ml. were taken; one
was analyzed as g blank and the other washeated at reflux tempersture for four
hours. The blank generated 58.9 oc. of hydrogen per gram of ssmple, whercas
the refluxed aliquot generated only 2848 cc. of hydrogen when hydrolyzed in
the usual way., The approximately 50% deorecase in active hydrogen is adequate
¢vidence that our interpretation of the difficulty in the preparation of
calcinm 2luminum hydride in tetrahydrefuran is a walid one. Somz curious
observations in connoction wi th the rate of loss of aective hydrogen are buing
studied further erd, if confirmed, will be deseribed in later reports,

IV. The lithium borohydride used in this study of its thorm:l decomposition
vas a sample recrystallized from ether, and was shom by the volume of
hydrogen evolved to be of 9¢.4% purity, A 0,1117 g. sample of the produot
was alovly heated to about 270° € in an :vacuated system. At 200° C a small
pressure (2 mm) deyeloped but remained constant, The tempersture was maine- | .
tained at from 268 C to 287° C for 19 hours during which time the prossure
slovly rose to 70 mm. Cooling of the rcaction vessel to room temperaturc
procduced only a8 small pressure docronse, indicating that no resbsorption of
hycroren oocurred. The hydroren obtained was then removcd by a Toepler pump;
its volume proved to bte 16.4 cc. (8+ Co), whioh correapcnds to oamly a little
over 8% of the amount conteined in the borohydride used.
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The residuzl material was reheated several timss at temperatures verying
from about 273° to 2980 €, Between each heating period, the reaction vessel
was cooled before removal of the hydrogen, to ascertain whether reabsorption
oceurred, but at no time was the deérease in pressure which accompanied
lowering of ths temperaturs greater than that due to the normal contraction
of the gas volume. During a total o about 200 hours of heating the material,
only a total of 53,7 cc., or about 2.4 m.moles of gaseous hydrogen were
obtained. This quantity is only about 25% of the total hydrogen of the
original samplé of lithium borohydride. The product remaining in, the reaction
vessel contained yellowish solids in addition to the white unchanged boro-
hydride, but it was not furth:r investigsted, '

The slowness of the decomposition and the small amount of hydrbgen
obtained were in marked contrast +to the cbservations reported by Schlesinger
end Brown (op. ¢it). Since in the latter's experiment, a catalytic impurity
nmight have been present, lithiun borohydride was next mixed with Raney nickel,
propared by the method of Pavlic and Adkins (J.2.C.S. 68, 1471 (1948). The
sample contained about 747 of nickel and 247 of aluminum, it was dried and
heated under vaofum for 10 hours at 1302 C.

In the first experiment, & sample of lithium borchydride was mixed in a
dry box under nitrogen.with an approximetely equal volume of the catalyst.
After the resction vessel conteining the mixture had becn attachsd to the
line and evacuated,it was heated to 225° C. in vacuo. Voncordensable gas
was ranidly évolved., The heatineg was discontinued "evszal times, but no
reabsorption of gas was observed. 8ince the voiume of sus collected exceeded
the total hydrogen contained in the borohydride used, it was evident that
the Rangy nickel hed either not been depgassed cample tely,or that it had
adsorbed nitrogen in the dry box. For this reason, further detalls of the
experimznt are not given.

In the next experimont, e side arm was- attached to the resction vessel in
such a;way that the contents of the side arm could be added to those of the
recoction tube in vacuo. The catalyst was placed into the side arm, and the
borohydride (1.25 m.moles) into the bottom of the reaction tube. The former
was “eeted to 290° C. for 19 hours in vacuo, during which time the reaction
vesscl its:1f was at room temperature. When the system had become evacuated,
the cetalyst (sfter it wus cooled) was allowed to fallcon'the borohydride,
and the two were mixed with the aic of two magnets. The material was'then
heated. Evolution of gus seemed to begin at about 2192 C. The semple ware
kept ut 225° C for sbout 2 hours, and then at 290° C for about 48 hours. The
ras colleceoted at the end of this heating period had & volume of 48.7 co
(2.17 m moles) and, except for 2 ‘race of materizl, was completely noncondene

> sable. 7The volume of pas corr.erondcd to about 85% of the hydroren to be

expeoted from comvlets decomrosition of the Lorohydride. ¥Fo reahsorption
oocurred when the residuc waes ecoled in contaet with the rmese After further
heating at-about 2000 to 2970 C over a period of 70 1/2 hours, the total ges
evolve? smounted to 2.74 m., moles (about 10 more than expe oted from complecte
docomnosition). The oxoess of gas might have beer due to & slow lesk in the
lyntem.
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In a final exneriment, spocizl care was taken to droreesc the aluminum
content of tie catalyst by usc of concentrated sodium hydroxidc, «nd to avoid
adsorbcd gases. For the latter purpose, the cetalyst was wwshed with aleohol,
then dricd at 2709 € with cortinuous pumping, end finally heatod at 340° C
for 10 hours. Tho spparctus in which the mixing of *he catalyst and the
borohydride and the h:ictins of twe mixturc were ocarried out werc so eonstrue-
ted that each of the comnonents of the mixturs could be scprrately hestcd
before mixing. The catalyst vas heated for € hours at 3100 C, in thc apparas-
tus, the lituium borohydride for ¢ hours at 45° C in vacuo to remove residual
cthur, lxine of the materials wis earried out as previously doseribed.

From 4,11 m.moies of the borohydride, mixed with an spprorimately equal
volume of catalyst, 1.62 m.moles of noncondensable gas were liberated in 45
mirutes at 240° C. Another hectine period of 1 1/4 hours at 240° and 1/2 hour
at 300° ¢ brought the total ras evolved to 92.2 cc, or 4,12 m.iolcs, & quans
tity just 1/2 of thet cxpectsd for complk te decompos™ " w. The prossurc in
the apparatus at. room temperature was considerably hisuwr thon that in the
cxperiment of Schlesinger and Brown (225 mm, os compared with cstout 22 mm) ;

-novertheless no reabsorption of gas oceurred at room temperature. PRurther
heating at 300° € for = totel of 26 hours incressed the amount of collscted
ras to 0,78 memoles. BEvolrtion of ene had become slow; heating was contivued
at 3300 C end 360° €, until, af.er a +total heating poriod of 89 hours, 7.26
memolos, or 88.45% of the totalijpdropen hud beon cvclveds Treatment of the

residuc with ether chowed thot it compaired little, if any, materizl soluble

‘in this solvent. This fact demonstreitcd conelusively that tho gos cvolved
‘hod resulted fran decomposition of the borohydrids rather than from rolease
of arsorbud gas by the catalyst. -

" none of the cxperiments was the reabsorption of pes riported by
Schlu.irgry and Brown obscrveds The latter evthors worked witn minute
aentitics (8 me) of the borohydridc, which might havc bron contaminstced
with some impurity aot present in our samples. Since othyl lithium was used
in tho pruperation of Schlesierr ond Brown's samplc, alkyl borohydrides
mirht heve been pressonte o ars, therefore, now studying tho thermnl decoome
position of compounds of this tyva.
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HYDRIDES AND BOROHYDRIDES OF LIGHT WEIGHT ELEMENTS

AND RELATED COMPOUNDS

Progress Report No: XXXVI on Contract N6ori-20, T.0. X
for the period October 1, 1949 to December 31, 1949.

by

He-1, Sclilesinger and T. Wartik
in collaboration with

'R, E. lioore, Riley Schaeffer, Martin Steindler and G. Urry !

. The vork undertaken during the periid covered by this report included the
followings

‘I: Further investigation of tetrachlorodiborine T
(a) Attempt to analyze the slipghtly volatile, red decomposition pro-
duct,.
(b) Preparation and analysis of BzCly*2N(CHz)3
(c) Reaction of ByCly*2N(CHz)z with LiAlHg and with LiH.
(d) Reaction of ByClg with hydrogen,

II. Reduction of trihalogenoborazoles
‘ (a) Reduction of trichloroborazole with lithium aluminum hydride
ard with lithium borohydride in the absence of sclvent and
in the presence of verious solvents.
(b) Prevaration of tribromoborzzole
(1) By reaction of trichloroborazole with boron tribromide.
(2) By interaction of am onium bromide and boron bromide.

III. Thermal decomposition o lithium borohydride and of 1lithium monomethyle
borohydride. .

[}

IV. Modiricd procedures for tne preparation of sodium eluminum hydride.

Of the preceding experiments only itens I (d) end III are campleted; on the |
rest there hes been definite but slow progress. Only the experiments in whien
definite results have been obtaired are reported in detail,

SRR AR iliiaiisd 4 ) - -
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I. The work on tetrachlorodiborire has proved unexpectedly difficult
because of the fact that the compound decomposes with apprecisble speed at tem-
peratures at which it reacts with the reagents in which we are at present inter-
ested. .The compound 82014-2N(CH3)3 is considerably more stable and might under=-
go the ssme types of reactions which are of irterest in the simple tetrachloro-
diborine. For this reason, we are planning considerable work with the trimethyl-
amine derivetive, but before this is to be undertsken, we must make certain of
having semples uncortaminated with the substances thet might be obtained by
interaction of trimethylamine with impurities in the tetrachlorodiborine. For
this reason, v have spent oconsiderable time in the purification of the chloro=-
diborine 2nd the analysis of the solid trimethylamine derivative to make sure of
its homoreneity. It mey be added that corsiderable difficulties were encountered
in the analysis of the trimethyleminiate, but it is beliseved that these diffi-
culties -2v. nov been overcome. Since the analyses are not yot quite complete,
details of :nglyticel procedare and their results will be deferred until the
next progress rervort is made.

Preliminaery experiments have shown thet the trimethylamine derivative reacts
with lithium aluminum hydride to give a moderately vclatile product which appears
to contain cluminum. Feither the homopeneity of the product nor its composition
have as yet been established. Ther~ are some indications that the amine derivae-
tive may react with lithium hydride, but the observations are not conclusive.

Much of the difficulty encuuntered in the work with tetrachlorodiborine
has been due to the small quantities available. Hitherto there has bsen no rreat
advantage in »reparing larger quantities because of its decomposition at all tem=
peratures not considerably below 0° C. Now that we are planning to work with
the more steble trimethylamine derivative, we are sceking improved procedures
for the preparation of tetrachlorodiborine. In this project, just recently
undertaen, no progress has as yet been made.

During the course of the pest few months, we had accumulated a small amount
of the slightly volatile, red, solid decomrosition product of tetrachlorodiborine,
and have mrde an attempt to analyze it, The result is not completely satisface-
tory, since etching of the glass occurrsed during the course of the analysis. It

may be stated that the c1/B ratic, so far as can be judged from the present
uncertein deta, is not far from 1/1.

The most intcresting development in the investigation of the teitrachloride
has come out of the study of its reaction with hydrogen. It will be recalled that
earlier experiments resulted in the formation of solid products, smong,which
decaborane (BjgHy4) ves suspected (Fe. P. 49, pe 4. P, R, XiXI, p. 8)3/ Later

- m—— - — - - ———

1} ™o -boreviation ¥. he 49 reivrs to the final report for the yeer ending
June 30, 1949; the abbrevistion P, ®. refers to progress rceports.

—o—— - s e -

exveriments, not reported in detail, led to inconsistent results (P. &. XXV, p 2)
vhich sugrested that diborane might be the initial product of the reaction and
that the aixtures of solid and licuid produocts obtained might havs resulted from
the action of diborane on an excess of the liquid tetrac:lorodiborine (F. R, 49,
pe 5, Pe Le ZXXIII, Po 3)0
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This hypothesis was verified hy experiments ocarried out in vessels large
enough to sllow all of the tetrachlorodiborine to be in the vspor phase at room
temperature. As vill be shown in the section of this report deveted to exveri=

mental details, diborane and boron chloride are the major produots of the resaction,
as indicated by the equations

3RsCly + B3y =~ 4BClz + BgHg

Even under thees conditions, it was impossible eltogsther to prevent secondary
reaction of diborane with the tetrachloro derivative as is shown by the facts (1)
that the amount of hydrogen absorbed is less than demended by the ecustion, (2)
that the amourt of boron chloride is greater and tnet cf diborane less than the
emow . ts célculated sccording to the eocvation from the smount of hycérogen consumed,
and (3) that smell amounts of products cheracteristic of the resction of tetra-
chlorodiborine with diborane were observed., (see experimental details, p. 7).

The observations reported above surrost th-t the initial resction between
hydrogen and tetrachlorodiborire occvprs according to the equations

BoCly + 2Wp, ~ EszCl4

to be folloved by the disprovortionatiors
. 3BoHpCly = BpHg + 4BCl3

The reaction is of interest in two respects. In the first nlacs, hydrogen
seldom reacts rapidly at ordirery temperatures in the absence of catalysts;
although we heve no measurements of the resction rote,observetion indicates that
before the recctants have become diluted, the reesction vroceeds with ccnsiderable
speed, i.e., most of the recction is comnleted irn the first 30 orf so miavtese
It may be worthwhile to ascertain whether the resction is photochemical,

The second point of interest is the relationsiir of this reaction to the
preparation of diborsne by the arc process (Schlesinger and Burg, JACS. 53, 4321
(1937). It is conceivable that the first step in that process is d1s<oclafion of
boren trichloride into ECl, fragments and chlorine atoms, The latter might then
react with hydrogen to give hydrogen chloride and the former might either reaot
directly vith hydrogen to give BClpH which would disproportiomate to diboresne
and boron chloride, or first rolymerize to ByCly and then react with hydrogen,

In the original experiments of 8chlesinger and Burg, hydroren wme present in
large excess, a condition which is desirsble when the objective is the nreparation
of diborane., It novw is desirsble to repeat the experiments with the modification
that boron trichloride is the component in excess, to 2scertsin whether in the
arc method any tetrschlorodiborine is formed and, if so, whether this procedure
might be an imrrovement over rresent methods of breparing tetrachlorodiborine,

These experiments heve just been underteken end heve not progressed far enough
for a report.
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II. In view of the faot that a fairly efficient method of preparing Betri-
chloroborazole has been developed by Brown and L&ubengayer}) its roduction might

R Ll

1) Reported by Charles A. Brown and A, W. Laubengayer, on vage 10P of Abstracts
of Parers presented at the September meeting of the Americen Chemical Society st
Atlantic City, 1949. See also Cornell University thesis of Charles A. Brown,
Jure, 1948, '

well prove to be a method of vrepsrirg borazole far more efficient than any now
available, Such a development would bc of considerable value in oroposed studies
of this comnourd.

Althourh Brown and Laubengayer vere nct successful in their efforts to pre=
pare borazole by the reduction of the trichloro derivative by lithium hydride or
by lithium a2luminum hydride in the mresence of n-butyl ether as & solvent, we
nevertheless believe it worthwhile to reinvestigate this vroblem, because we
have found that Bemonmochloro and Bedichloroborazoles may be reduced to borazole
(P. R. XXXV, pp 1 ond 6). It, thorefore, seems vossible that the trichloro deri-
vative might 2lso bs efficiently redrced if the right conditions could be found.
Our sxperiments in this direction hsve thus far merely shown that reductiom by
lithivm aluminum hydride or by lithium borohydride deces occur, but have not yet
led to & solution of the probleme. Consscuently, the presert report will only be
a ouelitetive descerivtion of the work thus far done.

Reaction of solid B-trichloroborazole with solid lithium aluminum hydride
for three days at room temperature gave a small amount of material having 3 zero
tension of 83.5 mm, o5 compared with the 84.8 mm vepor tensior of borazole at
00 C. Repetition of the reaction for 12 hours at 60-65° €. resulted in the
formation of small amounts of Bemoncchloroborzzole with only traces of borazole.
This result is not surprisirg in view of our observation that after hecating a
mixture of l.1 m moles of Betrichloroborazole with 1.7 m moles 6f borazole at
150° C. for 15 minutes, thére were present 1,1 m moles of unchanged borazole,:
0.24 m mole of Bemonochloroborazole, together with smsller ouentities of the
di- and trichloro derivatives, hydrogen and a small ouantity of nonvole tile solid
meterial. Zvidently, borazole undergoss disproportionation with the trichloro
derivative to produce less highly chlorinsted borazoles., For this resson, it
does not seem liltely that the solid-solid reamction between trichloroborszole snd
lithium 2luminum hydride will b:come =n erficient procsdure for the preperatiom
of borazole, althuugh we have succecded in making smell smounts of boraszole in
this vay for use in other cxpsriments.,

"fe next turned our eattention tc the use of solvents, The first one emnployed
wrg dimcthyl ocellosolve., Liks Brovm =nd Leubingeyer, in their snalorfoug exreri-
ments in which they used n-butyl cther, we obscrved evidence thut intoraction hed
cacurred, but verc unsdble to isolete any borazole by fractionction of the volatile
miteriale A subscouent test vwith 2 mixturc of borazols and dimethyl cczllosolve
shoved that th: two ocsnnot be scprrzted by the ordirerv frectionaticg procedures,
but also demonstrated tnst zfter 2dditior of eluminum chloride, a considorable
portion of the borazole could be raccvered, Evidently, borazole forms complexes
with ethers; furthermore, the experiment just méntioned incdicates that the ether
ean bo removed from some such complexes by gluminum chloride.
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Since others are the best solvents for lithium aluminum hydride, as well as
good selvents for lithium borohydride and trichloroborszols, they should bs the <
bast mediz for the reduction of chloroboraszoles, We, thereforc, rropose first
to study the reaction betwecn borazole and various ethers snd to wsecertsin whether
¢f'ficient methods for the removsl of bhorszole from such ethers can be founds

Othor solvents tested have been methyleyclohexane and phenylbromide. In the
former, lithium aluminum hydride wes the reducirg agent, After three days at
room temverature, some reduction to beorazole seems to have occurred, sineco frac-
tionation of the volatile reaction rroducts through a -80° C. trap into one at
-95° C. gave a sample of material vhich, according to analysis, nppearsa to be
borazole of 90% purity. Since only a small gquantity of this material was ob-
tained; an attempt was made to hesten the reaction by raising the temperature to

© 70-90° C, After 12 hours, no borazole was found, possibly because of decompo=-

sition of the product.

In phenyl chloride, 1lithium hydride and lithium borohydride were the reducing
agents. With the former, no evideénce eof interaction was observed. From 14.8°
m moles of the latter, after stirring with 3.94 m moles of B=trichloroborazole in

. the solvent in question and fractionating the volatile products from time to time,

diborane and borezole were isolated. The quantity of the latter after 11 days

stirring at roem temperature, was 0,48 m mole and that of diborsne 3.0 m moles.
Since the desired reaction iss

3LiBH, + BgNzHzClz ~— 3LiCl + BzNzdg + 138246

it is evident both that the reaction was far from complete and théat it did not
proceed uniquely in the desired direction. It is probable that momo- and diehloro
derivatives were formed. The reaction is sufficiently promising to be vorthy of
further study and to justify the further search for more effective solvents., It
is rossible that in a solvent in which lithium borohydride is soluble, this salt

might prove the most satlsfactory reducing agent. Further vork in this direction
is contemplated.

It seemed possible that the most effective solvent for the dusired reaction
mirnt be borazole itself., Our only experimemt in this direction was & failure,
since the borazole, added to & mixture of solid B-trichlorohorezole and solid
lithium sluminum hydride, almost completely disan~eared when the material was
heated to reflux temperature for severel dsys., The experiment must, however, be
repeated, before eny corclusions should be drawn, beocsuse, in the one performed,
less borazole was used as solvent than the minimum which would be necessary if
its disproportionation resction with trichloroborazole proceeds more rapidly than
does reduction of the latter. 'Ve are awaiting accumulation of more borszole
bhefore proceeding to further work on this aspect of the problem.

8ince we have found that bromo derivatives are, in general, more readily
reduced than chloro derivetives, we are et present attemnting to prepare B-tri-
bromoboregole in order to study it as & possible source of borezole by reduction
methods. 4s preparative methods, we are studying the resctions of boron tribrome
ide with trichloroboragole and with ammanjum brcmides This work has just been
started. Preliminnry indications ere favoradble, i.e., in the reaction of borm
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tribromide with triehlorohorazole, hydrosen chloride was. formed, and in the reaction
© with cmmonium bromide, hydrogen bromide is obtaired. But the resction »roducts
have not yet been separated into thelr comoonerits, and further comment is still
premne ture. \
I1I., As discussed in P. R.XXXV, p., 3, the thermal decomposition of lithium
berohydride ¥9s undertaken to comfirm observatiors reported by 8Schleringer and
i, C. Browm in JACS 62, 3429 (1940), in order to ascertain whether a eomvound
such as LiBHs is formed in the ceaction. It hes proved impossible to repeat
these sarlier observations, i.e., the later experiments have given no evidence of
8 bres in the rate of hydrogen evolution after the loss of 1 mole of hydrogen
per mole of the s2lt, nor any eviderce for the reversibility of the decompositien,
The present evPerimPﬂts included heating of samples of pure liihiuns borohydride
in rlags en® in iron vessels, 4s well as the heating of mixtures of lithium.
borohvdrlde and Ranev n 1oue1 catalyst, In rlass, the decomposition at tempera-

tures up to 2900 C. was very slow from the start, end tae rate decrensed with
continued heating.

Even after 220 hours of heating at an averspge temrersture of
280° C. only 24.2% of the total available “ydrogen had been liberated.

The reaction proceeded more rapidly vhen the compound was contained in a
Swedish iren tube, vhich had not previously been reduced by hydéroren, as may be
seen from the fact that in BB hours =t an average temperature of 295° C, about
65% of the totel available hydrogen hac been collected, But if the iron-tube was
heated to 800° C in an atmesphere of hydrogen before its use as a contairer for
lithium borohydride, the decomnrosition of the latter was even slower than it had
been in o glass vessel, Raney nickel catalyst seemed to accelerate ths decompo-
sition, but whether this effcct was due to the catalyst itself or to an oxide
coating which hed not been completely removed by rretreatment of tae catslyst,
was not determired. Finally, » sample of lithium monomethyl borohydride,
Li(BT-iscP’r),)l vas heated to ascertaln whether any break in the decomposition rate

"oceurs. Lesults were negative.

It, therefore, svemed undesirsble to devote wdditioral time to this under-
taking, +hich has now been abandoned, It seoms nrobable thet in the experiment
of Schlesinrer and Brown, which wms carried ovt with orly 6 mp, of the boro-
hydride, some trace impurity vms res—onsihle for the observetiors mece. It is
concelivable that, for this reason, some lithium was formed in the decomrosition,
snd thet this rescted reversibly with hydrogen,

IV. The preparstion of sodium ~luminum hydride by a mocdifiecatior of the
cripinnl vrocedure, muech lile thet used for the preparation of celeium ¢luminum
hydride, vas undertaken by e part time assistent on the projeect. Thc work is
stlll too far from completion for a report,
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~and 3.1 cc of diborane.
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EXPERIMENTAL DETAILS
The only exnerimental work far enough along to warrant recordire of the
detsils is that dealing with the reaction of tetrachlorodiborine with hydrogen,
In one experiment, 2 mixture of 11.1 cc of the gaseous chloro derivative and
27.3 co of hydrogen (prepared by thermesl decomposition of lithium aluminum
hydride in vacuo) was mllowed to stand in a 500 cc bulb for one hour at approxi-
mately 26° C. The unchanced hydrogea (17.9 ce) was removed and collected; 9.4 cc
of hydrogen wes thus shovn to have undargone reaction, The theorstierl quantity,
according to the equations 3BoCl, + 234 ~  4BCly + BaHg, would have been
1141 ccs It is poszible that the reaction was not completes It is,however, much
more likely thet the deficienocy im the amount of hydrogen which had reacted is
iue to loss of the tctrachloride by secondary reaction with diborane.

Fracticantion of the other volatilc vproducts yislded 14.3 cc of boron tri-
‘chloride (vet. at =45.2° C, 48mm) 2wnd 3.74 cc of & gaseous muterial which passed
throuph g4 ~140°0 C trap and coxdtnsud at -196° C., The vapor pressure of this .
meterial at -112° C wes 245 mm as compsred with the value, 225 mm, for diborane,
indicatins tant the sample was a mirture of diborane with hydrogen chloride.

Hydrolysis of the semrle =nd znalysis of the hydrolysate yivlded the equivalent

of 5,83 ce of boron, 18.4 c¢ of hydrozen end 1.1 ce .of hvdrogen chloride. Although

the horon=hydrogen ratic was 1/%.92 insteat of 1/3, the results, in view of the
srall cusntities involved, ere sztisfactory confirmetion thet the materisl in

- question corsisted of 2.7 to 2.8 ¢c of diborane and approximately 1 ce¢ of hydro-
gen chleride.

Accerding te the eourtion piven nbove, the reaction of 9.4 cc of hydrogen
~with tetrachlorodiborine should have “roﬂucod abhout 12,5 cc of boron trichloride
Since 14.3 cc of boron trichloride and only 2,7-2,8 ce
of diboranc we¢re zetually obteired in the revction in which 9.4 ce of hydroeen
wers absorbed, it is reasongble to ascribe these discrenancies to & scecondary
reaction in vhich diborzne reacts with tevrschlorodiborine to rive boron trichlor-
ide end other produets. That such a resction actually ocecurs hes rreviously been
showm (P. e XXXIII,ps 3). ‘Vhethor this resction, or the presencc of traces of

meisture vere responsible for the formation of th: very small nmoynt of hydroren
chloride obtaired, hes not been determined,

In the e¢rxperiment just descrihed, an omount of a volatile, erystzlline
materisl, too small for analysis or other cheracterization, var obtrined. * This
scems to have bien due to an impurity in the tevtrachlorodiborine, sinec it was not
observed in experimints in vhiea a hithly ourified sample of the tetrachloride
ves usede It vas likewisc shomm tust this solid is not formed by the resetiom of
diborane with this especially cerstully purified samvle of the tetrachloro derivwa=-
tivoc. It might be reocorded thet, in this experiment, a mixture of 25.1 cc of the
gascous tctrachloride and 70.3 of diborenc, vas allowed to st:nd for 2 1/2 hours
&t room tempcrature in a 500 ce¢ bulb bufore th: mixture was anclyzied., Of the
diboranc 56.4 cc was unchenped, and 30 oc of boron chloride together vith 4.1 co
of a vcrv unsteble substance corndensable et <809 C were formsds The latter
rapidly dccomposed to boron chloride =nd diborsnce In rcdition to these nroducts,
1.3 00 of hydrogen and & viscous ygllowish, nonvolstile lioudd were observed,

<
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! Progress Report Wo. XXXVII on Contrsct Méori-20, T.0. X
i
' for the period January 1, 1950 to March 31, 1950
© by
T He I: Schlesinger and T. Wartik
‘§ . ' L
i
! in collaboration with
.
\ R. E. Moore, Riley Scheseffer, Martin Steindler and G, Urry
b !
t e T
N The work undertsken durﬁpg this period is largely a continuation of that
§ included in I'. R. Fo. XXXVI}) and little of it is as yet completed. For this
p - e R S -
1) P. R. is’ an abbrpv1atlon for Progress Report and F. R. for Flnnl Renort for
. the‘year endlng Juné 30 of the year stated in parevtheses.
reason the present report is, in most 1rstances, a brief review- of the norV in
’ progress, to be amplified in later reports. In general, the investigations
f : covered the following topics:
I. The preperation of tribromchorazole, and further studies on the redue-
tion of trichloro and tribromoborszole to borezole.

II. Reactiors of tetrachlorodiborine and of thc ecmpound EgClg*2N (CHz)sz.

I1I. The reaction of boron trichloride with hydroren in the electric
discharge.

IV. Other subchlorides of boron.
Ve Further studies on the preparation of sodium aluminum hydride.
Is. The Preparation of Tribromoborazole
1. Because of the difficulty of obtaining borazole by reduction of its tri-
chloro derivative, and because of the fact that bromo derivatives are¢ in general
M more easily reduced than the. corresronding chloro compoundis, we heve prepared the

_bromo derivative by the type of reaction described by ubengayer ané Browvn
“(Ce 8+ Brom, Cornell University Ph. D, thesis, 1948), i.e,, by the interaction

B W
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of boron bromide &nd ammonium bromide. The desired reaction did not ocour in the
abseance of & solvent, but occurs when the reactants are heated in the nresence of
vheryl bromide at the reflux temperature of the latter (120-130° C).

2. {KEQQQ{KQ§<?Pd Properties

P It is important to use carefully purified reagents ir the prepsretion to

. avoid the formation of & liquid impurity, difficult to remove from the rroduct.
Amorium bromide vas dried at 110% C, boron bromide was shaken with mercury ond

: distilled directly into the vessel contalpnime the a -onium bromide, sand the phenyl

Promide wms dried with sodium hydride. spproximately 7 ce of the solvent were

used rer gram of emvonium bromice, and boron bremide was present in cousiderable,

- though varied, excess. The mixture was heated for anvroximetely 6 to 12 hours

b to 120 - 130© C in 8 500 cc flask, ecvlohed rith & reflux cordenser. Comnletion
of the revwction mav be recoesnized Lv tae disapnesrance of the solid ewnonium bro-

; mide o2nd v cessetion of the evoluti ion of hvmruven bromide. %The reaction mixture

% vas firelly filtercd tarourh & fritted pgloss filter funnel, The tribromcborazole

I == wa's purified by vecuum sublimstion st 60 = 700 C. Analysis of the nroduct of

; T F 14.2%, as compared with tae theoretieal values, 10.2%, 75.5%, 13.3., respect-

ively. Departure from the theorsticasl values is nrobably due tc slight hydrolysis

' of the prodvet duriig manipulation. Tae malting point of one camnle was 126-128°

' . C {under nitrogen). %he compound underroes slow decomposition at temperatures as

v ~ low as 500 C; et apwroximetcly 2200 C, it was st least 735 decomposed in 5 hours,

as judped by the amount of aydrogen aromide evolved.

¥ Ib. Reduction of Tribromoborazecle to Borazole.

§| i 10— —— (ot W) e mild e W e e A e RIS e —

reatiment of 1,385 m-mole of tribromoborazole with 0.33 ¢ of Iithium boro-
hydride for 3 days at room temnerature in the nresence of dry n-hexyl ether pro-
duced 0.56 m mole of hydrogen, l.7% m moles of diborane, snd 1.13 m moles of
borazole. 3:sed on the diborane evolved, anrroximately B77 of the original tris
DPUMUUUtﬂnvle we s zcﬂuced to borszole ss ijudged by the oauations

T TR e e

b5'\TSBr3H3 * 3L13ﬂ4 - ?327!37;16 + 3LiCY + 1.5}325‘1(;

——i TR X

The smount of borazole recoversd was apprceximately 83 ; of the theorctical. Peduce

; tiors with lithium oluminum hydride in n-hexyl ether have not as yet given sstis-
factorv results.

Theso obscorvations do not 1ndic°tr any d«cidod sdvantages in the use of trie
bromovorezole over trichloroborazole; consecuently, the vork with the former is
beine temmor-rily discontirued,

o

Ic. Reduqﬁ}on of Trichloroborazole.

, Preliminary exreriments on the reluvetion of triehloroborsrzolc b lithium
borchydride in diethyl ether show:d that evolution of diborene wni, consequnntly,
. reduction of the trichloro comwound cceurs,s - Borszole cculd, hovcver, nct be
. sensrated from the ether solution, probubly beckuse of the formation of an azeo-

»

I T LT o o T I it . ~

four preparations gave the followinr sversse values: boron, 11.3%, bromide, 74.6%.
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trope, the Tormation of which was indicated by the fact thet the vapor tension

of a mixture of borazole and the ether is lower than that of either comgronent.
Separation of borazole from the ethsr Ly conversion of the latter into the ether~
ate of aluminum chloride is impossible becavse the aluminum chloride reacts with
berazole to decomnose the latter in an as yet undetermined manner.

“ihen the reaction was carried out in butyl éther an amount of diborane cors
resnonding to 957 reduction of the trichloroborazole was obtained. Ordinary pro-
cedures of fractional evaporation and condensation of the solutien of borazole
and the ether were not effective. Partial separation was, howevér, effected by
heatirg the mixture till the %total vapor pressure was approximétely 150 mm in a
vessel separated from the veacuum line by a float valve, then opening the vessel
to the vaevum line, snd repidly distilling the mixture throush a -45° € trap into
one at liguid nitrogen temperature, Several repetitions of this procedure accumu=~
lated a borazole-rich fraction in the low temperature trap, and left most of the
ether in the -45° € trap. Slow distillation of the borazole-rich fractien through
a -80° ¢ trap led to the recovery of £.7 wm moles of pure borazole. Hydrolysis of
the ether-rich fractions showed them to corntain an additional 1.9 m moles of hora-
zole., Thus, the total amount of borszole obtained from 4.97 m moles of trichloroe-
borazole was 4.6 m moles, or 917 of the theoretical, an zmount satisfactorily in
agreement with the producticn of 95 of the theoretical diborense.

Althowgh the reductiom of trichloroborszole to borazoe by lithium borchydride
ig thus shown to be possible, the procedure has the disadvantage of theoretically
producing 1 1/? moles of diborane per mole of borazole obtained. Consequently, an
experiment similar to the one just described was oarried out with lithium aluminum
hydride plus lithium hydride as the reducing agent. The reaction proceeded smoothly
at room temperature in butyl ether. By the procedure described in the preceding
paragraph, 62.3% of the theoretiocal borazole was isolated and an acditiomal 227 wmas
shown by analysis to be present in the residual ether solution.

These experiments sugrested tnat seperetion cf butyl ether from bora.c..
produéed by reduction of triculoroborszole with lithium alumirum hydride should
be possible by use of an sprrooriste distilling column. Thus far, however, expe=
riments of this type with larger ruentities of reagents, carried out in ordinsry
laboratory ecuipment insteed of in a vecuum system, have not been successful. The
reecons for the difficulty heve not yet been discovered, but the oroblem is being
activaly pursued, o

II. Tetrachlorodiborine and compound BpClge«2N(CHz)3

a. Preparation of Tetrachlorodiborine

The method nitherts used to prepare tetr:chlorodivorine (F. K. XZXI, p. 8),
is tedious becsuse of the mznusl recirculstion of boron c¢hloride throurh the mer-
cury rlow discherge. Ue have recently used # two stage mercnry vopor pump 8s @
device to achieve this circulation avtomstie:lly. Tae results indicete thet such
¢ vrocedure is effective, but that for best results & mora efticient circulatory
pump is nec:ssery. It did not sc.m Gesirable to construet such a device for the
reactive reagents involved; the det:ils of the rresent exroriments need not be
described.

[
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IIb, Reaction of Tetrachlorodiborire with Dimethyl- mlne.

s ey s ————— - % -y oni ot w il e

Preliminsry exreriments indicote thet tetrachlorodiborire rercts with dimeth-
ylamine, but the results 2re not zc yet clesrout. In one expariment, 8.2 moles,
and in enother, 7.3 moles of th: amine were reteained per mole of the chlorodibor-
ine. Thure is somr, thoush not definite, indicstiom that the diffeorence mey he
due to & ¢ivferenes in tempersture resultineg from & differcnee ir rate of mixing

of the re-ctents. Details will not be reported till more consistent results have
been obteinzd.

ile. &p*lysls of tre Compound B2Clg 2N(LH3)3

The comrosition of the compound 52014'2N(CH3)3 has hithsrto been dcrived from
the relative amounts of tetr:chlorodiborire snd trimethyvlamipe interscting in its
formatien (P. 2. XXV, p. 7). An:lyvsis hed proved difficult, because of the S
resistoncs of the compound to hydrolysis by water, snd hectused the fact that it dis-
solves $o slowly in alkal-ne solutions that simple addition of the solid to the

basic solution rives rise to fuming; vhich represcnts a loss of moteriasl,

The diffieculty “14s now bsen overcome by sealing the aiterinl in 2 weighirg
tube which is broken open under the vlkalire solution c¢ontrined in a silver dish
(to 2void cortaminsti.n of the soluticn with boror or silicon from glass or cusrtz,
Concentroted, heated, chloride free sodium hydroxide solution wes emnloy<d. Boron
was d.termined es boric reid, ond chlorine as silver chleride. Treo rasults of

such an aralysis are as followss wt. ss mple, 0,150%3 g; boron found, 8.02°, theory,
7.69%; chlorine found 49,8 . , taeory £50.4%,

To comnletc characterizaricn of the compound, it is interndod to determine its

molecular weipht in dicthyl <ther or in bonzene sclution, in botn of which solvents
the comnoumd is rexdily =oluvble,

I1Id. Resctic s of BzClA°2\'(C‘l3)’5

- v

The trimethylsmine addition product is markedly less reactive than titra-
chlorodiborine, sinc:, unlike the latter, it does not recct with hydrogen evin at
abcut 900 ¢ (s.e P. s AXXVI, pp 2-3) nor, within » 15 minute p:riod -t room tem-
perature, with diborane (see Fo 7. 49, p.5, Po Eo XXXIII, pe 3, ond P, R. ZXXVI,
p. 2). Instead of evolvine hyuro;cn chloride rhen treatod watn ethyl ~lcohol, the

amire sddition rroduct takes up 2 moles oi the sleohol,.s reaction the products of
whica have rot a8 yot been cetermincd,.

The smine additior rroduct reacts vith lithium ¢ luminum hydride in zther solu-
tior st room temperatures, but the results are as yet difficult to intecrpret. A
erystelline product, with 2 vapor tcnsion of betvwicen 1 snd 2 mm wms obtained.
Hydrolysis of the product yielded hydroren, cnd the hydrolysate wes shown to con=
tair boron end sluminum, It is voscible, in spite of thr homorcneons upniar nce

of the erystals srd their uniform bevevior on sublimstlon, thet thr moterial is e
mixture in vhich thr aluminum is »rescnt as an impurity., The lotter might be the
trimethyleminc-aluminun hydride =- 2itior product, whioh might hove boeen formed
boosuse of @luminum hydride precent eg cn impurity in the lithium -luminum hydiride
used, or formed us en intermcdiate 1n the rc etion of the litter rith

BpClge2:(C3)3s Detaile i1l not be siwen +111 the citvation is elirified,
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The attempt to reduce, i.2., to hwdrogenate, ?blac9W(CH3)3 was undertaken
with lithivm 2luminum hydride rather then with the borohydride, because of the
pessibility that diborane, liberated by the reaction ef the latter, would react
vith the ByCly+2v(CHz)3 as it does with tetrachlorodiborine. Since it has row
been shovn that the smine addition rroduct does not resct revidly with diborane,
and sirce the use of lithium aluminum hydride leads to the comnlication deseribed

in the preceding paragreph, we shall study the reaction of the borohydride before
returnines to thnt of the aluminum comoourd.

II1. The quctlon of Boron Trichloride with Hydrogen in an Electtgcal Discharge.

[ ————— i ¢ o s e o g

As nointed out in P, B, AXXVI, p. 3, the observation that tetrzchlorodiborine
rescts very rapidly with hydrogen at room temnersture to produce ¢iborane, sug-
gests thst in the procedure developed by Schlesinper and Burg for the vreparation
of diborane (Je &, C. S. 53, 4321, (1931)), the initial step is the formation of
tetrachlorodilorire., In the oririral experiments a lerge excess of hydrogen was

used, and under those conditions th: chlorodiborine could not nossibly have been
detfctee.

e have row modified the Schlesinrer end Burg experiment by using a consider-
able excess of boron trichloride. ﬁlthouﬁh the mpin, initial produet of the reace
tion under these cornditio:s was still monoec™lorodihorane, 2s in the oririnal
SchlesinFer ¢nd Burg procedures, the presence of tetrachlorodihorine has reen
definitely esteblished., Separatiom of the vroduct vas difficult, but we were able
to obtrin & fractior which hed a 0° C tension of 44.5 mm (BpCly tension equsls
44,3 mm), and in vhich the ratio of aydrogen, boric acid and chloride iom, resulte
ing from hydrolysis, was 0,9232.,00:4.12, instead of the theoretical ratio 1:2:4.
Another sample,by slow decomrosition, produced the red product cheracteristic of -
the decommosition of pure tetrachlorodiborine.

Althourh not conclusive evidence, this experiment strorgly surports the hypo-
thesis that the first step in the fermation of diborsre by the reaction of hydro-
gen with boron chloride in an electric discharge is tetrachlorodiborire. For the
nroduction of the latter it does not seem likely, however, that the use of hydro-
gen can be mede as efficient as that of mercury vepor in the discherge chamber,

IV. “tlier S8ubchloridés of Boron w ‘

-

As desceribed in P. Ity XXXII, p. 10, the decomposition of tetrachlorodiborine
produces 8 vi-cous, licuid, red product of very low volatility end en almost white,

nonvolstile sclid. The two may be separnted >y volatilization of the red mrt.rial
at 90 - 100° C.

It was difficult to obtein enour™ of these msterials by decomposition of the
tetrachlorodiborine in a closed vessel bec2use ths reaction seemed to become
slower as time went on. As surdested by this obsservation, we heve hiystened the
decomnosition by remorirg the boron chloride, =1lso formed in the resotior, from

time to time. By this ~rocedure, enouch materinl for e nreliminery analysis was
obtained,
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The method of analysis cegcribed in section IIec of this report was not satis-
factory for snalysis of the other subchlorides, because the hydrolysis by sodium
hydroxide is not complete, as shovn by the fact thet the hydrolysete still reduces

“eilver ion. Instesd, it vas necessarv, after the hydrolysis with sodiun hydroxide
by the procedure described in the earlier section, to decrease the Py to véry
slight el:alinity, end then to a-'d 90°" hydrogen peroxide., The excess of the
latter was decomposed by platinum black.

The results of these analyses gave a BiCl ratio of 1.0:0.¢1 for the red
product, and of '5,1:3.0 for the vhite one. It seems likely, however, that neither
product was entirely nure, since decomposition mey have oceurred at the elevated
temperature needed for the sepsration of the two from each other. "ie are, there-
fore, seeziny a solvent hy meins of which the ceprralion and nurification of the
two (or more) decomrosition wroducts mev be effected.

w—— o gt o ir

Ve Further Attempts to Improve the Preparation of Sodium Aluminum Hrdride.
Mo satisfactory results have been obtained as yet, Slowness of this aspect
of the project is due in part to the fact that it is in the hands 6f & vart time

‘assistant, but is largely due to the spparent difficulty of the problem,

Briefly ststed; we have verified the earlier ohservation that, slthough a
60! yield of the desired nroduct in pure form cen be achieved by the reaction of
gsodium hydride with eluminum bromide in dimethyl ether, the same result is not
achieved with 2luminum chloride. The reason for the difference -as nct been dis-
covered. Furtiermore, the procedure of extrazeting the reaction product of the
aluminum bromicde reaction with tetrehydrofuran-after evaporation of the dimethyl
ether (in order to avoid filtretion under the hirh pressure of dimethyl ether)
rroved unsuccessful~-a result entirely unexpected in view of the success of this
procedure for the preparation of calcium aluminum hydride. In the case of the
sodium aluminum hydride preparation, the product obtained had an sluminum-hydrogen
ratio of only 1:2.88, instead of the expected 1:4,

In view of the frct that methyl borate acts catalytieally in the
reaction between lithium hydride and boron fluoride, and that sodium trimethoxy-
borohydride is more reactive than sodium hydride, we have attempted (1) the
reaction of sodium hydride with gluminum chloride in the nresence of en excess of
methyl borate at room temperature, (2) the same reaction in the presence of a
small emount of methyl borate snd tetrahydrofursn, (3) the reaction of sodium
trimethoxyborohydride with zluminum chlo ide in Jdimsthyl ether., It was realized
that sodium borohydride, or possibly even an etherate of aluminum borohydride
might be formed. Thus far, none of these experiments has led to definite results.
In the last one mentioned, a product very soluble in dimethyl ether was obtained.
"that the nature of this meterial is hes not been sscertained, excent to demonstrate
that it ie neither sodium borohydride, sodium eluminum hydride, nor aluminum
borohydride etherate. The exveriments are beinpg continued,

O

> - ,’.--p‘

— L Bhm o A o Am———— e e}

e o e e e e e
7



i i T AT

PP

A3 o

. B

-, ~ The work of this report conocerns:

HYDRIDES AND BORCHYDRIDES OF LIGHT "EIGHT EIEMEMTS

.. AND RELATED COMPQUNDS

Progress Report No. XXXVIII on Contract N6ori-20, Te0e X

for the period April 1 - July 51, 1950

by
H. 1. Schleginger and T, Tlartik
in oollaboration with

R. E. loore, Riley Schaeffer, M. Steindler and G. Urry

s \ "’
~I. The reduction of Trichloroborazole to boraszole

11, Furthér studies on Tetrachlorodiborine and its Derivatives - -
III. The preparation of Sodium Aluminum Hydride
V.

The reaction of Lithium Borohydride with Hydragine Hydrochloride

Beoause of the fact that the present contrsct ocovers a 13 month period, i.e.,
from July 1, 1949 to July 31, 1950, the period covered by this "quarterly" progress
report is 4 rather then 3 months. References to previous final reports are indicated
by the letters F.R. followed by the year in which the report was ocompleted; refer-

ences to progreas reports are indicated by the dutters P.R. followed dy a Raman
numeral,

If the P, R, is of a year earlier than 1949-50, the date of Lissumnoe is
given.

I¢ The Reduction of Trithorobpmzok to Borazole.

Before desoribing the vork of the period covered by this report, it is desirable
to refer to en experiment described in P, Re XXXVII, p 3, in which trichloroborazole
was treated with an n-butyl ether solution of lithium aluminum hydride in which a
oonsiderable amount of lithium hydride vas suspended, The experiment was originally
undertaken to ascertain vhether lithium eluminum hydride could aot as a oarrier for
hydrogen from lithium hydride as has been sugrested for the types of reaction dy
Bliszard, Carhart, and Johnson, J.A.C.S. 70, 5664-5 (1948).

The fact that in this experiment not cnly was the yield of borasole much higher
than in preceding ones, but that a very mueh largsr perostare of the boresele then
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in mreceding experiments could be separated from the ether, sipgested an explanation
ef the difficulties previously encountered in the use of lithium aluminum hydride as
& reducing agent for the desired reaction. It seemed possible that the reduction
reaotion produces aluminum hydride according to an equation like the followings

BLAAMH, + BglgHgCly =~ ByN;Ho + 3LiCL + 3AlE,

and that the aluminum hydride formed in some way reacts with borazole and pr events

its volatilization vith the ether. The possibility that borszole forms a nonvolatile
etherate was also considered. -

The first step in testing those possibilities was to determine vhether pure
borazole end n-butyl ether would distill together from a mixture of ths two. Such
mixtures were sealed in bulbs equipped with break-off side arms and were heated to
different temperatures for different time intervals. The bulbs wers then attached
te a vacuum system, the hydrogen was pumped off snd measured; and the remaining vola=-
tile material was distilled into ooncentrated aqueous hydrochloric acids The amount
of hydrogen liberated as a result of the acid hydrolysis was taken as a measure of
the quantity of borazole recovered in the volatile material. Results of two such

experiments are as follows (ml refers to liquid volumes, oo to volumes of gaseous
material referred to STP);

Original mixture Conditions Products % BzNgHg recovered
10 ml (Bu),0 ) 30 minutes 1.59 oc H
28 oo 33N3§5 ; 100° ¢ 24.5 oo B3§335 87%
‘ nonvolatike solids
5 ml ((Bu)y,0 ) 2 hours 0+63 oo Hp )
31.8 co B3NzHg) 50° ¢ 29.3 cc BzlzHg ) 92%

nonvolatile solids)

It is evident from these data that borazole is not in any way rendered nonvolae
tile by butyl ether (i.es, does not form a nonvolatile etherate), Furthermore, the
very small amount of hydrogen and of solids obtained indicates that borazols is not
extensively decomposed at higher temperatures by butyl ether.

In the preceding experiments the borazole was not separated from the butyl ether,
To ascertain whether such a separation is possible, a mixture of 4.79 g of borazole
tné 30ml of the ether was distilled through a small column packed vi th glass helices.
The fraction passing over between 52 and 54° C was colleoted and welighed. It ocon-
sisted of about 3.8 g of borazole, indicating sn aprroximately 80% recovery. Use of
a more effioient column could probebly improve the result, but the small amounts of
borazole then availeble mede further vork along these lines undesirable until the
aoctual results of reduction of trichloroborazole had been ascertained.

It vas next shown that borazole ocould be recovered from its mixture with solid
lithium eluminum hydride. After the mixture had stood for 10 hours at room tempera-
ture, about 857 of the borazole was reg-ined by evaporation and condensation. It

was also demmmatrated that a saturated solution of lithiwm aluminum hydride in ne

butyl ether liberates omly very small quantities of hydrogen (e.,g. 0.26 cc) vhen it
is heated to 100° C for one hour. Evidently then, if sluminum hydride causes the
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diffioulty encountered, the hydride is a product of the interaction of lithium
aluninum hydride with boraszole, and not an unavoidable contaminant of the former.

(It might be mentioned in this cornection that only 38% of a sample of borazole could
be recovered from dry, activated alumina after 3.5 hours at 25° C. Evidently ex-
clusion of moisture is of the preatest importence in these experiments.)

The preceding experiments indicate that neither the presence of n-butyl ether
nor of lithium aluminum hydride prevent the recovery of borazole from mixtures in
which it is known to be present, But when & mikture of pure borazole 2nd a butyl

. ether solution of lithium aluminum hydride containing an excess of aluminum hydride
was evaporated, after standiny one hour at room temperature, no material ocontaining
active hydrogen could be isolated in the volatile portion. The hypothesis that

aluminum hydride reacts vith or in some other way holds back borazole has thus
received comsiderable support.

On the basis of these observations it is possible to explain vhy results ob-
tained in the reduction of trichloroborazole with lithium 2luminum hydride in the
presence of en excess of lithium hydride are much better than those obtained in the
ebsence of lithium hydride. The Xatter is known to react with aluminum hydride to
give lithium aluminum hydride; the use of lithium hydride thus may be effective

because it removes the aluminum hydride assumed to be present according to the hypo—
thesis under discussion.

Although the procedure using lithium hydride in addition to lithium aluminum
hydride hes been successful in small scale experiments, carried out in the vacwm
system, it has not yet rroved sautisfaoctory when attempts were made to reduce larger
quantities of trichloroboragole in ordinary laboratory apparatus in en atmosphere of
nitrogen. The reasonshave not yet been fully sscertained, It is comceivable that
because of the longer time required for larger scale experiments, difficvlties are
caused by secordary resotions of lithium eluminum hydride with the ether, too slow to
be troublesome in small scale experiments, Support for such an explanation is found
in the faot that in 2 larger scale experiment a geseous produoct havirg nroperties

not unlike those of n-butane has been obtained, This interpretation of the diffiecul-
ty requires further oconfirmation. -

Even though these experiments have thus not yet shovn definitely how trichloro-
borazole oan be reduced effiociently to borazole by lithium aluminum hydride, they .
have sugrested e prooedure by means of which the chief objéction to the use of lith=
ium borohydride as & reducing agent may possibly be overcome. The objection to the
latter resgent lay in the fact that 1.5 moles of diborane are theorstically liberated
per mole of boragole obteined. But diborane is !movn to resct rapidly with evolution
of considerable heat vith lithium hydride in ether sclutions to form lithium boro—
hydride, Should the procedure of using & mixture of lithium hydride and lithium boro~
hydride in this way avoid the liberatiom of diborane or decreese it to an ineignifi-

eent amount, a satisfaotory m~thod for the preparation of borszole in larger quantie
ties may have been achieved,
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II. Further Studies on Tetrachlorodiborine and its Derivatives.

- (a) Reaction of tetrachlorodiborine with dimethylamine.

e———" 1o oy A e LA e 4 Wres e e e e ——

Tetrachlorodiborine reacts rapidly with dimethylamine at temperatures as
low as «80° C to form the new compound tetradimethyleminodiberine acecording to the
equation (R = CHz):

ByCl, + BNRpH ~ By(NRp)a + 4RgNH2Cl.

The equation is an empirical one since the moleoculdr weight 6f the new compound has
not yet been determined. The substance is a liquld of very low vapor tension at

o° C, Only one of its reactions has as yet been studied, namely that with hydrogen
chloride, end this work is as yet incomplete. The product of the reaction is a
white solid from which the tetradimethylaminodiborine is recovered by addition of
dimethylamine.

Tho details of the preparation of the new compound and of its analysis are as
follows (occ refer to gases at STP, ml to liquids)s

The reagents, 20s1 oc of tetrachlorodiborine and 21045 cc of dimethylamine
both tensimetrically purs, were condensed into a reaction vescel, which wes then
warmed to -80° C, Although reaction secemed to ocour immediately, the mixture was
maintained at this temperature fér several hours, after which time the volatile
products were distilled into the frectionating system at room temperature. The
procedure required several hours because of the slight volatility of the reaction
produet. A small emount of solid, probably a decomposition product, deposited on
the valls of the receiving vessel.

The more volatile material thus obtained was distilled through a -80° C
trap into one at =-196° C. The latter ocontzined 58.0 oc of dimethylamine (v,t. at
0° C 563 mm instead of 564.5), indloating that the tetrachlorodiborine and di methyl-
amine had reaoted in the volume ratio 157.59 (theory 158). The disorepancy is not
large in view of the difficulty of handling the original chloro compound.

The material recovered in the -80° C trap was purified by distilling it
through a 0° C trap into one at =-196° C, The latter was found to contain a small
quantity of a liaouid with a vapor tension of 6.5 m 8t 26° C. It 1is likely that
this material was the compound B(BR2)s (vete at 28° C = Smm), oonteminated with a
treoce of dimethylamine.

The material in the 0° C trap was then distilled into s quartz bulb cone
taining 5 ml of 10° sodium hydroxide solution for analysis. The mixture, originally
oonsisting of two layers, formed a homogeneous solution when it was heated for 4 .-
hours in a steam bath. During this process 12.4 cd of hyurogen were liberated. The
volatile produots were distilled into 50 ml of 0.1N hydrochloric acid and titrated.
The result indiceted that 50.8 o¢c of dimethylamine had been formed., Titration for
boron in the usual way showed that the samount contoined in the nonvolatile residue
wms equivalent to 25.7 oo of the gasecus element. These duta oorresvond to a ratie
for HpsBsXRgH = 0.98:2,02:4.00, 4n good agreement with the ratio 11214 expected
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. acoording to the equations
Bz(NR2)4 + 4HCl + 4H,0 ~ 2HBO, + 4MR,H,C1 + H,

The yield of the compound was 63% of the theoretical, It was not considered neoces-
sary to analyze the solid product of the initiel reaction, since it gave every evi-
dence of being dimethylaminohydrochloride oontaminated with a trace of a solid which

reacted slowly with water to give a reducing solution, but of which too little was
obtained for analysis.

(b) The canpound BaCl4°2NR,.

(b)(1) Melting point, solubility, molecular weight. The compound, pre=
 pared and initially desoribed in P.R. XXXVI, n 2, and XXXVII, PP 4-5, has been fur=
ther studied. Its melting point in an atmosphere of nitrogen is 228° C, but it sine
ters at 125° C and softens somewhat at 195° C. It is somewhat soluble in diethyl
ether and in benzene, and slightly soluble in isopentane. Determineation of the
molecular weight of the substence by the lovering of the freezing point of bengene
gave the following unexpected result: .

wt. benzene 18,74 ¢ t 0.029° ¢
wt. semple 0.1168 g Wol wt 1106,

This value is very nearly four times the molecular weight corresronding to the for-
mula BoCly*2NRz (Theor. mol wt = 279; 4 x 279 = 1116)., Since the measurement was
made at only one concentration it still needs to be demonstrated that the caloulated
value is real, i.e,, that no solid solutions were formed.

To obtain more information on this point, an attempt was made to determine
the molecular weight by measuring the vapor tension lowering of isopentane, but the
solubility of the compound in this solvent was found to be too small to promise
reliable results, Further work with other solvents, and possibly & measurement of
the vapor density of the compound at high temperatures are planned.

(b)(2) Reaotion with Lithium Borohydride. The complications encountered
in the study of the recction of the compownd BpClg®2NR3 with lithium aluminum hy-
dride (P.R. XXXVII, p 4) led us to replace this reducing epent by the corrzsponding
borohydride. The formation of diborane was anticipated, but it was honed that this
fact would introduce no complications, since diborane does not react with ByCl,<NRg
at room temperature (P.R. XXXVII, p. 4)s The results thus far are disaprointing.
The only produots isolated in a reaction carried out in ether solution at room tem=
perature hove been diborane and a volatile solid, the vapor density of which ocor~
responds to that of trimethylamine borine (theory 75, found 72). The identity of
the s0lid as trimethylamine borine was further confirmed by wapor tension measure-
meuts, as follawss

t (0°c) vet. sample veto BiziHg

25.9 0,90 0.80
40,0 2.90 2.54
42.8 15.60 11.9

0.3 20.15 18,7

T
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Evidently there vas a somewhat more volatile ocontaminant, but it could have been
only small in amount., '

. The experiment is to be repeated with the modification that a considerable
excess of trimethylamine is to be added. Theoretically, the reaotion in question
might coocur as follows:

ByCly + 4LiBH; ~— BgH, + 2BHg + 4LiCl

. The purpose of the excess trimethylamine would be to stabilize the presumably un-

stable Bylig, by forming an addition compound, possibly BgH4°2NRz., In that event 6
moles of the amine would be required per mole of BpCly, since the diborane would
require 4 moles. The compound BpClq*2NR3 obviocusly does not supnly enough if it is
assumed that trimethylamine borine is more stable than the hypothetical BoH, *2NRz «
The reaction of lithium aluminum hydride with BpCl,*2NRz will also be reinvestigated
since the early experiments (P.R, XXVII, p 4) may have been vitiated by the pres=

ence of & large amount of aluminum hydride in the lithium aluminum hydride used at
the time,

(c) Further studies on the decomposition products of tetrachlorodiborine.

Attempts to determine the molecular weight of the red decomposition product
obtained by the slow decomposition of tetrachlorodiborine at room temperature were
temporarily discontinued when it was found that the red material underzoes further
slow decomposition to boron trichloride and the white solid previously desoribed
(P.Re XXXII, p 10, December, 1948, and XXXVII, pp 5-6). There is some indication
that the decomposition is inhibited by the presence of borem trichloride. Possibly

advantage can be taken of this observation, if corroborated, in purifying and
studying the compound,.

I1IT, The Preparation of Sodium Aluminum Hydride,

As has been previously reported; the only method which has hitherto led to suc-
cessful preparations of sodium aluminum hydride oconsisted of the reaction between
sodium hydride and aluminum bromide at room temperature in dimethyl ether solution.
The reaotion mixture was then filtered at ronm temperature and the ether was evapo-
rated from the filtrate. Not only was the yield not better then 60 or 66%, but the
use of aluminum bromide and the relatively high pressures (6-7 atm) at which the
reaction snd filtrations had to be carried out are objeotionable,

Of the very numerous expefimenta undertaken to avoid these objeotions, cnly the
last has given decided promise of success. Those which failed are first briefly dese
oridbed, without numerical details.

(a) The resction of aluminum chloride with sodium hydride in dimethyl ether.
As catalysts both lithium aluminum hydride and sodium aluminum hydride (obtained’
from aluminwn bromide) were tested. Then the dimethyl ether solution was filtered,
the filtrate still contained chloride ion, even after deys of reaction, Evaporation
of the dimethyl ether before filtraticom, and extraoction of the residue with tetra-
hydrofuran (8ee P.R. XXXII, p 11, Decenber, 1948) gave none of the desired produvt,

] selhd
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(b)) Reaction of sodium trimethoxyborohydride with aluminum ohloride, as well as
the reaction of sodium hydride with aluminum chloride in the presence of aluminum
‘methoxide, preved unsuccessful.,

(c) Use of caleium hydride as a catalyst rave only a small smount of celoium
eluminum hydride.,

(d) The reaction between aluminum chloride and sodium hydride in tetrshydro-
furan as a solvent, especieclly ~hen a seed of lithium aluminum hydride was used as
. oatalyst, appeared to give some of the desired product, but the yleld and purity
were low, Apparently the low nurity was due to the fact that, to obtain adequate
reaction, the reaction mixture had to be refluxed for some length of time. It was
shown that, under these conditions, interaotion of the solvent with the resction
mixture occurréd, \

(e) The successful experiments were based on the idea that lithium and sodium_
hydrides do not interact with aluminum chloride per se, but do react with the AlCl4
~ion. To test this hypothesis we fitst attempteéd to obtein this ion in solution
by the remction of ethyl chloride end a diethyl ether solution of aluminum chloride.
The product thus obteined was treated with sodium hydride in tetrafursn with no suce
oess. Similar failure resulted when the compound NeAlCly was prepared by fusion of
the respeotive simple chlorides, and used in place of aluminum chloride,

‘ ‘Sucoess was apparently achieved in an experiment in which 2.6 g of aluminum
chloride, 13,9 g of sodium hydride and 0.0219 g of lithium chloride were stirred for
3 days in tetrahydrofuran. Lithium chloride, rather than sodium salt, was used be-
ocause the former is known to dissolve in ether solutions of aluminum chloride, pre-
sumably to form the desired complex ion, whereas the sodium salt does not do so.
After 3 days! stirrin ¢ of the mixture, followed by filtration and evaporation of the
filtrate, there was left a white, orystalline residue which gave 98% of the hydrogen
to be expected of NaAlH,, showed a ratio of AlsH = 134,01, and which therefore is
evidently pure sodium aluminum hydride. Repetition of the experiment with the same
sanrles of aluminum chloride and sodium hydride, but without lithium chloride, gave
no indication of rezoction after 3 days of stirring.

It will be necessary to repeat the experiment to ascertain whether the method
gives a satisfectory yleld, and to determine the best proportions of reagents and
time of reaction. If the further work confirms the results herein described, a more
detailod study of the properties of sodium aluminum hydride will be undertaken.

It is interesting to oonsider the possibility that the irterpretation here given
for the reaoction between hydrides and aluminum halides may explain vhy the use of
1ithium aluminum hydride as a oatalyst in the reaction between lithium hydride and
. alumimm chloride 1s successful. Tho lithium aluminum hydride reacts rapidly with
aluminwm chloride in diethyl ether according to the equations

31..1.A1H4 ’ Al(!l‘3 - 4A1H3 + 3LiCl

The lithium ohloride thus formed msy then react with some of the remsining aluminum
 ehloride to produce & solution of LiAlClees The latter could be the materisl whidh
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interaots with lithium hydride, according to the equation
4LiH + LiAlCl, -~ LiAlHy + 4LiCl

It is obvious that ultimately praoctically all of the aluminum ion will be used up
and that then only a trece of lithium chloride can remain in solution. If, on the
other hand, lithium hydride and aluminum chloride are mixed in the absence of lithium
aluminum hydride, the initisl reaction between the tvo may be very slow, but will
béocome accelerated by the gradual formation of lithium chloride. Thus the industion
period in the interaciion of aluminum chloride and sodium hydride, as well as the
means of its avoidence, are readily explained.

In the reaction betweon sodium hydride and aluminum chloride, no such induction
period has been observeds instead the reaotions are slow throughout, The difference
between the lithium and the sodium hydride reaction may, oonsequently, be due to the
difference in the solubilities of 1lithium and of sodium chloride in ether containing

. aluminum chloride.

The interpretation of the action of alkali metal hydrides on aluminum halides
also offers a possible explenation of vhy sodium aluminum hydride could be obtained
in fair yield.in dimethyl ether solution by the interaction of sodium hydride with
aluminum bromide but could not be satisfactorily prepared when aluminum chloride was
the halide employeds Sodium bromide is presumebly more &o6luble in dimethyl ether
then is sodium chloride; oconsequently the concentration of the aluminum tetrahalo-
geno ilon, assumed to be the active reagent in these reactions, would be the higher
if the starting meterial is aluminum bromide,

IV. The Reaction of Lithium Borohydride with Hydrazine Hydrochloride

As shown in a series of papers by :iberg (Z2eit. anorg. Chemie, 257, 1a <37,
1948), by G. V. Schaeffer,(JsA«CeSe 71, 2143 (1949)), by Burg, (2nd Annual Summary
Technic:l Report, Contract N60nr-238-T0-I, 1948), as well as in our own reports
(eegs PeRe XXXI, p 6, Sept. 48, P,Re XXXII, pp 4~6, December 1948, and P.R. XXXIII,
p 8, March 49) the re,ction of amnonia and emines on diborane, and that of boro-
hydrides with emmonium end ‘amine salts have given interesting results. It was there-

fore considered worth while to ascertain whether similar reactions, in which ammonia,
‘amines and their salts are replaced by hydrazine and its derivatives, might not lead

to new types of interesting compounds.

Preliminery experiments between lithium borohydride and hydrazine dihydrochlo~
ride have shown that the expeoted type of rezction, i.e,, the liberation of hydrogen,
occurs when the two are allowed to interact in the dry state as well as in diethyl
ether. At lower temperatures, a little over one mole of hydrogen was evolved per
mole of lithium borohydride used; at higher temperatures the ratio was more nearly
211, Details are not given because a ocomplete study of the products has not yet
been made.

Such a study is made difficult by the faoct that, eside from hydrogen and traces
of diborane, all of the rroduots of the rerction are solids. Thus far no solvent
has been found vhioch will separate from each other the various solid products
wmdoubtedly present,
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For this reason we are temporarily turning to the-=presumably--simple r case of
the interaction of anhydrous hydrazine with diborane, work whioch is as yet not far
enough elong to be renorted in detail., Tie express our appreciation to the Naval
Research Laboratory. for the snhydrous hydrazine furnished us for this work,




